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At the Sumgait Tube Rolling Works the first 850 blooming mill in Azerbaidzhanhas been 


started. It will provide blooms for the tube billet mill, which in mam will supply billets for tube 
rolling works. 


The construction of mill 700 is also approaching completion. Previously, steel ingots from 
the open-hearth furnace plant were sent to Rustavi for rolling into tube billets. Now on putting 
mill 700 into operation, the complete cycle of tube manufacture will be carried out at the Works. 


R. S. IUSUPOV 


PICTURE: New 850 blooming mill. Photo by A. PCHEMIANA 


FURTHER INTENSIFICATION OF THE BLAST FURNACE PROCESS 


CONFERENCE OF UKRAINIAN BLAST FURNACE OPERATORS 


In November, 1957, a conference took place at Dnepropetrovsk arranged on the initiative of the blast fur- 
nace operators of the Petrovsk Works by the Ukrainian Governing Body of the NTOChM (Scientific Technical De- 
partment of Ferrous Metallurgy) in conjunction with the Dnepropetrovsk Sovnarkhoz (Council of National Economy), 
Representatives of industrial establishments, scientific institutions and design organizations of the Dnieper region, 
Donbass, as well as of the East and Central provinces of the country, took part in the conference. 


Opening the conference, Professor A. D. Gotlieb said that Soviet blast furnace operators are far ahead of 
those of other countries in the field of the intensification of blast furnace operations. However, some operating 
statistics of the blast furnaces indicate that there are, at the works, substantial untapped potential sources of fur- 
ther intensification of the process, possible not only by boosting the furnace operation but also by means of a whole 


system of measures aimed at the increase of the operating efficiency of the furnace and the reduction of specific 
coke consumption. 


I, I. Korobov, director of the Petrovsk Works, in his lecture on boosting blast furnace operation by increas- 
ing gas pressure in the working volume, mentioned that in spite of existing furnace operation experience at an in- 
creased pressure, many blast furnace operators underestimate the extensive possibilities of an additional boosting 
of furnace operation by this method. At several works where the charge is relatively well prepared, the slag yield 


is moderate, and powerful air blowers are provided, the substantial pressure increase in working volume is not ac- 
companied by an increase in boosting the furnace operation or, if it is, then this increase is very small. Thus at 
some Southern works operating at increased pressure, the gas pressure in the tuyeres was raised by a further 22-25%, 
but the rate of furnace process remained as before or increased only by 2-3%, The rate of furnace operation on 
the basis of coke consumption constitutes 960-1140 kg per cu m when operating at an increased gas pressure. At 
the same time, at the Petrovsk Works, the increase in gas pressure in the tuyeres by 25 % resulted in an increase 

of the rate of furnace process by 23 %, 


The small boosting of furnace operation at some works, where the gas pressure was increased, the lecturer 
explained partially by the fact that some blast-furnace operators assume wrongly that the boosting leads to an in- 
creased coke consumption without any noticeable output increase. 


The lecturer considered that the inadequate durability of charging equipment constituted some obstacle to 
the boosting of furnace operation at an increased pressure. However, at some works, including the Petrovsk Works, 
some modifications were introduced in the design of the charging equipment, allowing a substantial extension of 
its life. 


The lecturer then pointed out that when considering the dependence of coke consumption on the rate of the 
smelting process established for specific conditions, some blast furnace operators apply the conclusion — valid for 
these specific conditions — that with an increase in the rate of the smelting process the coke consumption increases, 
to the case of increased boosting by means of increased pressure in the working volume of the furnace. In actual 
fact, however, when the gas pressure is increased, the rate of the process can be intensified to the same extent as 
the increase in gas pressure, the specific coke consumption thus being kept constant. The lecturer substantiated 
this case with theoretical considerations and operating statistics of one of the blast furnaces at the Petrovsk Works. 


Before the change to the increased gas pressure, the rate of smelting for the furnace was 1065 kg per cu m 
in 10 months of 1955. After the switch-over to the increased pressure (0.6 atm in the furnace top), the rate reached 
1320 - 1340 and even 1360 kg per cu m, representing a boosting of the furnace operation by 23 % for the increase in 
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gas pressure in the tuyere zone by 25 %, The furnace has been operated for two years under these conditions. 
While the coke consumption for 10 months of 1955 constituted 971 kg per ton of pig iron, in 1956 it constituted 

928 kg per ton and for 10 months of 1957 — 910 kg per ton (slag output 962 kg per ton of pig iron; 42 % of the agglo- 
merate of 0.35 — 0.4 basicity in the charge; blast temperature 756° C). 


Thus the coke consumption was somewhat reduced although it is still high compared with that of other works. 
The reason is the high yield of the slag, the high consumption of limestone, the low content of the agglomerate in 
the charge, and the low quality of raw materials. 


The lecturer pointed out that the boosting of the furnace operation is most efficient when applied proportion- 
ately to the increased compression of the gas in the working volume, and that with a further increase of gas pres- 
sure in combination with a corresponding intensification of operation, the furnace output can be doubled without 


increasing the coke consumption. A large increase in gas pressure in the working space of the furnace without a 
corresponding increase in the amount of blast is unjustified in the opinion of the lecturer, 


In his lecture V. I. Suvorov (of the Petrovsk Works) showed that the difference between the rates of the smelt- 


ing process at different works reaches 25-27 %, the raw materials being practically the same. The lecturer pointed 
out that if the rates of smelting at all plants were brought to the level of the maximum attained at some works, 
the country would get a large amount of additional pig iron. On boosting the furnace operation the proper distri- 
bution of gas flow must not be disturbed; then the boosting will not be accompanied by an increased consumption 
as some blast furnace operators maintain. The speaker suggested that, as an encouragement, the item “Degree 

of boosting of blast furnace operation” should be introduced into the operating statistics of the works and that the 
performance of the blast furnace operators should also be judged by this index. 


Candidate of Tech. Sciences 1. G. Polovchenko, illustrated the complex measures carried out at the Dzerzh- 
insk Works which made it possible to attain the best operating results in the South, These were, first of all, the 


averaging of iron and manganese ore and of dolomitized limestone in the ore yard; the production of sintered 
agglomerate of an increased basicity; the production of low-silicon Bessemer pig iron and low~manganese open- 


-hearth pig iron; furnace operation with blast of a constant increased humidity; operation with increased gas pres- 
sure in the working space of the furnace and others, 


The speaker noted that although the adoption of these measures gave substantial technical and economical 


results, these methods are neither fully mastered nor fully utilized. It is necessary to pay special attention to 
raising the qualifications of the operating personnel. 


I. G. Polovchenko enumerated measures by which the output of furnaces at the works can be increased: 
stricter control of slagging conditions, increase of the ore load from 2.45-2.5 to 2.6-2.65, etc. The develop- 
ment and adoption of iron desulfurization inside the blast furnace under operational conditions, priority being 


given to the desulfurization of pig iron which does not satisfy TU* with regard to sulfur, has been envisaged. 
This will allow an increase in the furnace output and a reduction in coke consumption. 


Engineer N. P. Kaistro (the "Zaporozhstal™ Works) remarked on an unsatisfactory exchange of experience 
between the works of the South, even between those which are near each other. For instance, the blast furnace 
output at the “Zaporozhstal™ Works was increased by 35 % in the period between 1951 and 1956, and coke consump- 


tion was reduced to 780 kg per ton of pig iron owing to the adoption of new methods and techniques. However, 
the experience accumulated by the plants is very often not adequately studied. 


The speaker said that the operating statistics would be much more impressive if the desulfurization of pig 
iron in the blast furnace was adopted, the coke quality improved, etc. The coke supplied to the plant is not suf- 
ficiently strong and contains only 35 % of the fraction above 60 mm; it gets crushed in the furnaces. The blast 


furnace operators of the "Zaporozhstal" Works maintain that the main prerequisite for the intensification of blast 
furnace operation is the improvement in the quality of charge materials. 


The speaker proposed that the rate of blast furnace process be determined not by the amount of fuel consumed 
per unit volume of the furnace but by the amount of processed ore, and suggested the establishment of a method 
allowing for the comparison of operating statistics of the blast furnaces which operated under different conditions. 


N. E. Dunaev (the Stalino Works) quoted data on the intensification of blast-furnace operation when work- 


* Technical specifications; and norms. 


ing with raw ore and large slag yield. He pointed out that the gas pressure in the blast furnace top consitutes 1.1 
atm and the rate of blast furnace process approaches 1170 kg per cu m. But a further intensification of the pro- 
cess by increasing the pressure cannot be realized without a radical modification of the charging equipment. 


Since September, 1957, the blast furnace plant operates without adding manganese ore to the charge and 
successfully produces pig iron with 0.20-0.22% manganese content. This made it possible to improve the coeffi- 
cient of working volume utilization from 0.9-0.91 to 0.84-0.85 (slag yield 1200 kg per ton) and to greatly reduce 
the coke consumption. The rate of furnace operation was increased to 1250 kg per cu m, 


The blast furnace operators at the Stalino Works consider that in order to achieve improvement in blast 


furnace operation it is necessary to increase gas pressure in the furnace, adopt desulfurization of pig iron in the 
furnace, and to use natural gas in the furnace blast. 


Cand. of Tech. Sciences M. A. Shapovalov (TsNIItchermet — Central Scientific Research Institute of Ferrous 
Metallurgy) said that although over the last 25 years the residence time of the charge in the furnace was reduced 
from 10-14 to 7-8 hrs, the chemical and thermal factors do not stand in the way of a further residence time reduc~ 
tion. However, for a further intensification of furnace operation it is necessary to reduce the lifting force of the 
gas stream, and to achieve this the gas pressure in the furnace should be increased and the charge graded accord- 
ing to the size. The latter method may prove to be no less effective than the former. 


la. M. Obodan (Institute of Ferrous Metallurgy, Academy of Sciences of Ukrainian SSR) maintained that in- 


creasing the rate of furnace operation in proportion to the extent of gas compression — as I, I, Korobov stated in 


his lecture — is not possible, and that such an increase in the rate was obtained at the Petrovsk Works because the 
tate of operation there was not adequately intensified prior to the change to increased gas pressure. 


M. B. Kutner (Dnepropetrovsk Branch of Gipromez) said that the Branch of Gipromez prepared the project 
for the "Zaporozhstal" Works on the separation of the agglomerate into fractions and the separate charging of the 
fractions into the furnace. M. B. Kutner recommended the charging equipment of Professor Shchirenko for the 
furnaces operated under high pressure conditions. 


Cand, of Tech, Sciences N, I, Krasavtsev (Institute of Ferrous Metallurgy, Academy of Sciences of Ukrain- 
ian SSR) indicated how wrong and harmful are the opinions of the American and some of our own blast furnace 
operators that the intensification of the operation is accompanied by an increased coke consumption as a result 
of the inadequate length of time for the reaction between the gases and charge materials. Such a view is equi- 
valent to accepting the end of rate increase. Actually, it is possible to increase the rate of blast furnace process 


without a rise in coke consumption, provided that the contact of the gas with the charge materials is improved. 


For this purpose it is necessary to prepare the charge appropriately, to raise the percentage of sinter, improve its 


strength and eliminate fines from the charge. 


V. P. Pevtsov (Dnepropetrovsk Metallurgical Institute) reported the results of the investigations on the quality 
of sintered agglomerate of Krivoi Rog ores and on the effect of sinter on the intensification of the blast furnace 
process. He also drew the attention of the personnel of the Petrovsk Works to the urgent need for an early erec- 


tion of an experimental furnace. 


Candidates of Tech, Sciences — V, P, Onoprienko (Ukrainian Institute of. Metals), E. V. Slinchenko (Kuznetsk 
Metallurgical Combine), L. M. Freidin (Alchevsk Metallurgical Combine), E. V. Kochinev (Gipromez), G. Ia. 
Rutkovskii (Gosplan Ukrainian SSR), who took part in the discussion, made many valuable observations on the fur- 
ther intensification of the blast furnace operation. 


As a result of the discussion, the conference passed a resolution in which it is noted that there should not be 
any apprehension about the boosting of the blast furnace process by increasing the gas pressure, This statement has 
been confirmed in practice by the operation of two blast furnaces at the Petrovsk Works. However, taking into 
account the fact that the operating conditions at this works are not typical of other works of the South, the con- 
ference advised the Dnepropetrovsk Sovnarkhoz (Council of National Economy) to arrange, at the Petrovsk Works, 
an experimental intensificaction of the blast furnace process, employing charge containing 80-85 % of agglomerate 
of 0.8-1.0 basicity, as well as to carry out experiments on intensifying the process at a large furnace of one of the 
Southern works; and on obtaining positive results, to spread the practice of the Petrovsk Works to other works. 


The conference also recommended the use of the experience of the Petrovsk, Dzerzhinsk, and “Azovstal" 
Works and the Magnitogorsk Metallurgical Combine with regard to an effective strengthening of charging equip- 
ment when the furnace operates under high pressure conditions. 


CASTING OF MOLDS FROM LIQUID BLAST FURNACE METAL 


Engineer P. V. Gubchevskii 


(Magnitogorsk Metallurgical Combine) 


The reduction in the consumption of molds in steelmaking plants and the reduction inthe cost of mold pro- 
duction in casting plants are very important problems in the endeavor to improve the efficiency of the ferrous in- 


dustry. 


A most effective step in this direction is the use of liquid blast furnace metal for the casting of molds in 


the casting plants of the metallurgical works. 


One of the serious technical difficulties, met with in the first stages of the application of this method, was 
the presence of large graphite particles in the form of kish in the liquid blast furnace metal, hypereutectic by 
composition. The experiments on the casting of molds from liquid blast furnace metal, started in 1936-1937 at 
the Kuznetsk Metallurgical Combine, were soon discontinued because all experimental molds were saturated with 


kish. 


Fig. 1. Method of tipping molten iron transfer ladle 
by means of a tilting hoist of 40-ton lifting capacity. 


In the following years this technical diffi- 
culty was overcome at the Magnitogorsk Metal- 
lurgical Combine by means of preliminary stand- 
ing and treatment of liquid blast furnace metal 
in settling ladles. 


The many years’ experience of the MMC 
and of the special casting plant for mold casting 
from liquid blast furnace metal at the Krivoi Rog 
Metallurgical Works confirms that the kish can 
be eliminated without interfering with the blast 
furnace process. Of particular importance is the 
use of conversion pig iron for mold casting. The 
investigations carried out at the MMC have shown 
not only that it is possible to use liquid conversion 
metal from the blast furnace but also that it has 
technological and practical advantages as the 
material for mold casting. Since 1947 the Com- 
bine definitely abandoned the use of expensive 
and uneconomical casting pig iron and began to 
use exclusively conversion pig iron. 


At present the change to casting molds from 


liquid blast furnace metal at the metallurgical works is bound only with easily surmountable local difficulties con- 
nected with local works planning, system of hot metal transportation, design of the casting plant, or lack of the 
necessary equipment. A study of conditions in the casting plants indicates that the new method of mold manufac- 


ture can be adopted at the majority of the works. 


The equipment necessary for the casting of molds from liquid blast furnace metal consists of stands for tip- 
ping the hot metal transportation ladle, a stationary or moveable tilting hoist of 40-ton lifting capacity or an over- 
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head crane of the same lifting capacity (Figs. 1 and 2), an intermediate trough for pouring liquid metal, containers 
for additions, a settler for settling and treating liquid metal, a pit for the pouring ladle, a pouring nozzle ladle of 
capacity corresponding to the capacity of available overhead cranes, (Fig. 3). 


The cost of this additional equipment would 
ae not exceed 500,000 rubles. This sum may be re- 

covered in three months in a casting plant produc- 
2705 — 325 ing 20,000 tons of molds per year, or in one month 
in a plant producing 60,000 tons of molds per year. 


: " Calculations indicate that even at the Kuz- 
7 4 | netsk Metallurgical Combine, where the cost of 
XG ES molds, cast from the cupola furnace metal, is the 
FN || *. lowest (about 280 rubles per 1 ton), the change 


to liquid blast furnace metal would result in an 
annual saving of 5 million rubles. 


oo 0: The Kuznetsk Combine has an unfavorable 
LaF ; layout of the blast furnace and the casting plants 


1 \ Pi — from the point of view of direct intercommuni- 

' yo cation — so that the existing, already sufficiently 

mae 4 loaded inter-plant railroads must be used for the 
| “eriaree 7; transportation of hot metal to the casting plant. 


However, the distance of transport and the length 


Fig. 2, Method of tipping molten iron transfer of time the metal remains "on the wheels" do 


ladle by means of 40-ton overhead crane not present any difficulties. Abroad, e.g. in Japan, 
1) ladle with metal; 9) there are cases where liquid metal is transported 
) : Bn sea and remains in the ladles for prolonged 
3) settler; 4) nozzle ladle : Pr 8 
; ‘ periods (7-8 hrs); in the USA liquid metal is trans- 
ported by railroad for distances over 300 km. 


Tests carried out by us at the MMC showed that on keeping hot iron in the standard 90-ton ladles of UZTM* 
model and applying the usual surface cover with coke fines, the temperature drop constitutes 20-25° C per hour 
and the metal, tapped from the blast furnace at 1400° C, can be freely transported to the casting plant in the course 
of more than 6 hours without any danger of getting a skull in the ladle. 


At each works in which the change to the casting of molds from liquid blast furnace metal is considered, the 
feasibility of making use of the existing structures of casting plants for the placing of additional equipment for the 
tilting of hot metal cars and the settling of hot metal should be considered. At some works (Nizhne~-Tagil} Chelia- 
binsk, and Zakavkaz), taking into account overloaded streams of material flow, it would be advantageous to place 
this additional equipment in a small extension to the plant or in a small building near it. In this case the addi- 
tional expense would be recovered in a short time. 


In the evaluations of the economic use of liquid metal for mold casting, only the production expenses were 
considered but the reduction in the consumption of molds in steelmaking plants was not taken into account, How- 
ever, as is seen from the table below, the molds for rimmed steel, cast from liquid blast furnace metal and sup- 
plied by MMC, have longer life than the same type molds cast from the cupola furnace iron at the local works. 


The following optimum chemical composition of the metal for mold casting has been established at the 
Magnitogorsk Metallurgical Combine, %: 


Cc Si Mn S P 
4,0-4.3 0.6-1.5 0.5-1.8 to 0,5 to 0,18 


Molds cast from low manganese iron have shorter life than molds with higher manganese content. 


Thus the molds cast from metal after settling without the addition of ferromanganese have a life of 82 cast- 
ings; with 0.5% addition — 92 castings; and with 1 % addition — 91 castings. 


* Ural Heavy Machinery Plant. 
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Durability of Open Molds for Rimmed Steel, Cast from Liquid Blast Furnace Metal and froin 
Cupola-Furnace Metal 


Durability of molds at the consumer works, number of 
castings (bottom pouring) 
Magnitogorsk | "Zaporozhstal"}Nizhne-Tagil | Cheliabinsk 
M. Combine (1950) M. Combine Metallurgical 
(1952) Works (1959) 


Cast at the Magnitogorsk M. Com- 
bine from liquid conversion metal 
with high manganese content 

+188 

Cast from the cupola furnace at the 
consumer works from casting iron 


* top pouring. 
** molds from low manganese iron (0.2-0.4%). 


Treating low-manganese iron with a small qualitity of ferromanganese in the settler before casting into the 
molds ensures a satisfactory durability of the molds without noticeable increase in their cost. 


Fig. 3. Casting of molds frorn 27-ton capacity ladle. 


The tested data cited in this article give conclusive evidence of the considerable econvimic advantages in 
using liquid conversion iron for mold casting. 


Molds 
| 
t 
\ i 
> & 
’ 68 i 80 204* | 60 
| 89 50 146 | 40 
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PLATING OF PARTS WITH HARD ALLOYS 


Engineers M. A. Tylkin and M. I. Kershtein 
Dzerzhinsk Works 


At the Dzerzhinsk Works the working surface of equipment parts are plated with hard alloys: "stalinite," 
“sormite" and electrodes of the types T-590 and T-620, with the object of extending the serviceable life of the 
machine parts. The adoption of this method of plating resulted in an extension of the working period of machines 
between overhauls. For instance the wheels of the ore crushers in the ore dressing plant were previously cast to- 
gether with hammers and were not plated with hard alloys. Their life did not exceed one month. Removable 
hammers made of pieces of R-43 railroad rail from which theflange is cut are now fitted to the cast wheel discs 
(Fig. 1). The working surface of the hammers is plated with a layer of stalinite or with electrodes T-590 to the 
thickness of 8 mm. The plated hammers last for 2 - 3 months. 
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Fig. 1. Hammer of the crusher Fig. 2, Forming board for the plating 


wheel; of the pug mill paddles. 
a) welded-on layer , 


The life of the breaker plates of the single-roll tooth crusher, after they were plated with a hard alloy, in- 
creased by a factor of two to three, and the life of the pug-mill paddles doubled. 


The paddles are plates of 200 x 115 x 20 mm. They are renewed as they wear out. 


nage Special equipment is used for a possible maximum 

extension of their life and for speeding up the process of 
3 their renewal. The worn paddle is accurately set, by means 
me of a special forming board, into a copper pattern (Fig. 2). 
a The use of the forming board ensured a uniform length of 
the paddles after the reconditioning. 


L—_—8 The gap between the wall of the copper pattern and 
the worn part of the paddle is filled with stalinite (Fig. 3), 


which is melted by the electric arc between the metal elec- 
trodes. When the paddle is brought to its normal size, it 

is turned through 180°, and its other side is welded on in 

the same way. 


Fig. 3. Method of reconditioning pug 
mill paddles by plating; 

1) copper pattern; 2) paddle; 

3) stalinite. After the shape of the paddle is restored, its working 
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surface is plated with stalinite in-the usual way (as for new paddles). 


The advantages of this method of reconditioning are; 1) the paddle is of the right shape, as by welding-on, 
a filling-up as it were, of worn metal with the layer of hard alloy and metal electrodes takes place; the worn part 
of the paddle is made up from stalinite melted by metal electrode, and hence the metal of the restored part is 
alloyed with chromium, manganese, silicon and carbon; after the plated surface layer is worn out the further wear 
is taken up not by an ordinary machine steel but an alloy steel. 


Experiments on plating the knives of ore-grab cranes also produced good results. The plane surfaces of the 
knife are plated with stalinite and its front edge with sormite by means of the electric arc method or with elec- 
trodes, types T-590 and T-620. Such knives last for up to one year. 


Plating with hard alloys is also extensively applied in refractory and other plants. For instance, the blades 
of the worm screws of presses, blades of mixers, radial baffles of ball mills, cams of the press shears, and other parts 
are plated with stalinite. 


The technology of plating of the guiding beams of jaw cranes is interesting. Previously the beams were made 
of bronze. Later, commercial steel with bronze plating was used. This resulted in some saving of non-ferrous metal 
but did not extend the serviceable life of the parts. 


At present, instead of bronze,(steel) (St. 3) with stalinite plating is used for guide manufacture. A special 
method was developed in order to avoid distortion in the process of plating. The material for the guide beams is 
subjected to annealing or normalizing and then to preliminary machining (planing of guiding surface, drilling of 
holes, and cutting of lubrication grooves). 


In order to eliminate deformation of the guides during the plating, they are rigidly fixed, in pairs, with 
fastening plates (Fig. 4). 


Fig. 4. Rigid fastening of the guide beams for plating: 
1) fastening plates; 2) guide beams. 


The following procedure has been adopted. First, section 1 (Fig. 5) and then section 2 on the working plane 
of the one guide are plated. Then the guide beams are turned through 180°, and sections 1 and 2 of the second beam 
are plated in turn. Subsequently sections 3 and 4onthe second beam are plated. Then the beams are turned over 
again and sections 3 and 4 on the first beam are plated. 


For the removal of stresses, which develop in the 
3 = / process of plating, it is necessary to subject the beams 
to annealing, after which the beams are separated (the 
welded fastening plates are cut off by gas flame). 


The beams are then finally machined (grinding of 
Fig. 5, Diagram of process of plating guide the guide surface etc.). 


beams (arrows show direction of p lating). The plated layer is made not less than 2.5 mm thick, 


so that after grinding, it is at least 1.5 mm thick. In order to avoid scratches on the surfaces which slide against 
each other, the ends of the guide beams should have no sharp edges. Therefore the beams ends are chamfered. 


The use of such beams, prepared by the above method, shows a marked increase in the durability of the beams. 
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THE BLAST FURNACE INDUSTRY 


CARBON BLOCKS IN BLAST FURNACE BRICKWORK 


A. N. Red'‘ko 


Novo-Tula Metallurgical Works 


The blast furnaces at our Works are working with oxygen-enriched blast, the furnace operation being greatly 
intensified. In furnace No. 1, of 333 cu m volume, casting and conversion pig iron as well as ferrosilicon and 
silicomanganese were periodically produced, and for a long time ferromanganese was produced. On intensified 
furnace operation, when the rate was reaching 1.5 tons of coke per 1 cu m of working volume of the furnace per 
24 hrs and the charge was poorly prepared, a marked wearing of the refractory brick lining and the formation of 
incrustation was observed, In order to eliminate these irregularities, twelve rows of carbon blocks 850 mm long 
and 380 mm thick were laid in the middle inwall (Fig. 1) in May, 1952. Total height of the carbon block belt is 
4570 mm. 


The main object of introducing the carbon lining 
was to prevent the formation of incrustation during a highly 
intensified operation of the furnace and an irregular de- 
scent of the charge. The life of carbon blocks in the inwall 
of blast furnace No. 1 was determined from the thickness 

of the lining. 


The application of blast, enriched with oxygen up 
to 27-29 %, markedly increases the rate of the blast fur- 
nace process, but it causes intensified peripheral gas flow 
(channeling) and an irregular descent of the charge, if 
the charge is not properly prepared. Under such conditions, 
f the lining is liable to excessively fast wear due to erosion. 
Hanging of the charge and slips cause the formation of in- 
crustation and on its removal the lining is also partly da- 
maged. 


4570 
OOS 


From May, 1952, to September, 1955, blast furnace 
No. 1 was producing casting pig iron in the course of 18 
months and conversion pig iron in the course of 22 months. 
During that time incrustations in the furnace were formed 
six times and were removed by blowing up. It was noticed 
that the incrustations generally stuck to the chamotte brick 
2 part of the lining and then spread to the carbon part, There 
was one case of the incrustations forming in the section of 
the carbon lining. 


| axis of tap hole 


Fig. 1. Erosion of the lining of blast furnace 
No, 1. at the Novo-Tula Works (solid line 
shows the temperature profile along the cross The exposure of the carbon blocks during hot stoppages 
sectional radius of the furnace, and the dotted (banking) of the furnace and their contact with the atmos- 
line shows the CO, content in the gas along the phere lead to combustion of the carbon material on the sur- 
radius of the furnace): face. Therefore, prolonged bankings of the furnace, with the 
1) tube for measuring the wear of the lining. carbon blocks exposed, are inadmissible, 
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were formed. 


axis Of air tuyeres 
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axis of tap hole 


Fig. 2. The size of incrustation 
in blast furnace No. 1 during the 
production of ferromanganese. 
The drawing shows the tubes used 
for measuring the thickness of 
the lining. 


rows, the temperature rose to 500° C, 


From September, 1955, and until the present day, ferromanganese has been produced in the furnace. During 
that time the inwall lining was wearing out excessively; in the first seven months the erosion of the fire brick lin- 
ing above the carbon blocks amounted to 700 mm. Later on when poor-quality ore, containing about 40 % of 0-5 
mm fraction, was employed, the slag yield was approaching 1.3, the charge descended in slips and incrustations 


Investigations showed that the chamotte brick hearth bottom wears out quickly. The first row of bricks of 
the bottom was eroded in eight days after the furnace was started; the second row, after twelve days; the third, after 
twenty; the fifth, after twenty-nine; and the ninth row from the top, after eighty-two days, i.e., on March 15, 1953. 


Subsequently the hearth bottom was wearing out so fast that on June 12, 1953, i.e., 171 days after the blow- 
ing-in of the furnace, the temperature of the foundations reached 900° C. In order to remove the thermocouple, 
it was necessary to shut down the furnace; it was then found that liquid metal had penetrated into the opening. 


The wear of the lining or the thickness of incrusta- 
tions were measured while the furnace was operating: 
through an opening in the wall, thin tubes were inserted 
into the furnace to a depth of one and a half to two meters 
into the charge (Fig. 1). The tubes were bent by the de- 
scending charge. By measuring thedistance from the fur- 
nace shell to the bend on the tube, we were able to deter- 
mine the erosion of the lining or the thickness of the in- 
crustation, In addition, the condition of the lining was 
determined by the temperature and the CO, content curves 
at various levels in the furnace. 


The formation of incrustations during the production 
of ferromanganese was observed twice: in May and in 
August, 1956; the dimensions of the incrustations are shown 
in Fig. 2. They were removed during the operation of the 
furnace by developing peripheral gas streams and reducing 
the rate of furnace operation, All this created very severe 
conditions for the refractory lining of the furnace, but, as 
is seen from Fig. 1, the durability of carbon blocks over a 
lengthy period of furnace operation (5 years) proved to be 
satisfactory; total amount of wear of carbon blocks in 5 
years constituted about 60-70 %, This fact points to the 
advantage of using carbon blocks extensively for blast 
furnace lining. 


The second furnace with hearth depth (distance be- 
tween the axes of air tuyeres and the axis of tap hole) of 
2460 was employed mainly for the production of casting 
pig iron. The charge contained about 50 % of easily-re- 
ducible Tula brown iron ore with high phosphorus content. 


The hearth depth being small, the metal was highly overheated and had a high phosphorus content (up to 0.6 %). 
The temperature of pig iron, grades LK-0 and LK-00, would reach 1500° C on tapping. The high temperature of 
the metal in the hearth, the high phosphorus content, and the highly intensified furnace operation caused excessive 
erosion of fire-brick hearth bottom, With a view to extending their life, the hearth and the bottom were laid with 
carbon blocks and the depth of the hearth was increased to 3300 mm, The erosion of the hearth bottom of blast 
furnace No, 2 was studied by means of radioactive isotopes. 


This method of study, together with measuring the temperature of the foundations, was first applied after the 
breakthrough of the hearth of furnace No, 2 on November 4, 1952, 


When the hearth bottom was eroded to a depth of five rows, the temperature of the foundations at a point 
605 mm below the bottom along the axis of the furnace, reached 100° C, and when the erosion increased to nine 
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This indicated a complete wearing out of the hearth bottom and a partial damaging of the refractory concrete, 
and liquid metal had penetrated through the cracks to the level of the thermocouples, i,e., 605 mm into the con- 
crete. Upon the discovery of such a destruction of the hearth bottom, the furnace was switched to the production 
of conversion pig iron, and the intensity of furnace operation was lowered, 


On the basis of the results obtained from 

investigations of the causes of low durability of 

the hearth bottom in blast furnace No. 2, steps 
$0750 axi were taken to extend its serviceable life. During 


airtuyere JV the next overhaul due in September — October, 
% 9050 VA axis alr tuyere 1954, the distance between the axes of the air 


axis cinder 200 ——a tuyeres and the axis of the tapping hole was in- 
27450 a creased from 2460 to 3300 mm, The hearth and 
$ 6450 J 76800 ays tap part of the bottom were laid with carbon blocks 
hole with the object of thus increasing the durability 
4 of the bottom and extending the blast furnace 
campaign. It was assumed that because of the 
high thermal conductivity of the carbon blocks, 
the cooling of the hearth and of the bottom will 
be more effective, and hence the durability of 
the bottom will be higher. 


Such a composite bottom (Fig. 3) was, from 
the point of view of design, a novelty at the Novo- 
Tula Works, and therefore it was of great interest 
to study its erosion, 


Fig. 3. Cross section through the hearth and the 

bottom of furnace No, 2 at the Novo-Tula Works 

(right side — prior to reconstruction, left side — 

after reconstruction in 1954): 

1) cobalt isotope of 450 mC (millicurie) radioactivity; Two radioactive sources were installed for 

2) cobalt isotope of 800 mC radioactivity; the study of erosion of the carbon bottom in fur- 

3) chammotte bricks; 4) carbon blocks; nace No, 2 and four thermocouples were fitted 

5) refractory concrete. for measuring the temperature of the foundations. 

One source — cobalt isotope of 450 mC radio- 

activity —- was placed in the upper part of the eighth row (counting from below) of the chamotte bricks; the second 


~~ cobalt isotope of 800 mC radioactivity — was placed in the upper part of the third row of the fire bricks (count- 
ing from below). 


pouring yard side 


dustcatcher 


2 


% 


1954 1985 1956 


Fig. 4. Distribution of the thermocouples in the blast furnace bottom and the bottom temperature curves 
over the period 1955-1956. 


The method of placing the thermocouples and the graphs of the change in temperature of the foundations 


of blast furnace No. 2 at a level 300 mm below the hearth bottom are shown in Fig. 4, from which it is seen that 
during the period from July to December, 1955, the temperature of the foundations increased uniformly, i.e., the 
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wear of the bottom was gradual. Since January, 1956, the temperature of the foundations became stabilized, this 


fact shows that further erosion of the bottom has ceased, 
Daily check on the radioactivity of the pig iron in 1955-1956 has shown no discharge of cobalt isotope placed 


in the upper row of fire bricks under the carbon blocks. 


A relatively low temperature of the foundations under the hearth bottom, stable temperature conditions of 
the foundations in 1956 and the absence of discharge of cobalt isotope allow us to draw a preliminary conclusion 


that the fire brick part of the bottom was not subjected to erosion. Such a high durability of the new bottom is 
explained mainly by decreasing the overheating of the metal in the hearth and a better cooling of the hearth walls, 


owing to the better thermal conductivity of the carbon blocks. 

The temperature of the casting pig iron has fallen by 70-100° C since the new-design hearth was put into 
operation, This fall in temperature is explained by the increased distance from the centers of coke combustion in 
the tuyere zone to the surface of the metal in the hearth. 

The relatively high temperature (375° C) under the bottom near the central axis of the furnace indicates a 


marked erosion of the carbon blocks in the center of the bottom. In order to increase durability, the whole bottom 


should be laid with carbon blocks and its lower part should be cooled.* 


VAPORIZATION COOLING OF THE BLAST FURNACE TUYERES 


B. I. Ragin 
Blast Furnace Cooling Mechanic at the Magnitogorsk Metallurgical Combine 


The low quality of industrial water, inadequate durability of the tuyeres and the loss of heat in the cooling 


water compelled the blast furnace operators of the Magnitogorsk Combine to change their method of tuyere cool- 
ing. 


After a long search vaporization cooling was introduced at one of the blast furnaces. Initially two tuyeres 


(No. 8 and 9) were cooled in this way, and in July, 1957, during the overhaul of the furnace, all 16 tuyeres were 


changed to vaporization cooling. 


The arrangement of the vaporization cooling system is shown in the diagram. Chemically purified water, 
without hardness salts, is pumped by two NKU~140 pumps to the tuyeres, where steam-water emulsion is formed. 
It goes to a common header and then to the separator tank. There the steam and water are separted. The steam 
from the separator tank is taken to consumers, and the water goes to the pumps. The level of the water is deter- 
mined by water gauges and is automatically recorded. A special automatic overflow is fitted in the upper part of 
the tank in order to prevent water from flooding the separator. The loss of water in the tank is made up with che- 
mically purifed water, which is delivered by a special pump. During the operation of the vaporization cooling 
system on the tuyeres.the cooling conditions remained normal, and there was no burning-through the tuyeres. In 
addition, the plant gets 3.5 tons per hrof steam under 4 atm pressure from the separator tank. The consumption of 
industrial water for cooling was reduced by 70 %, 


* This opinion expressed by A, N, Red’ko needs to be confirmed. The problem of lining the whole hearth bottom 
with carbon blocks is being studied. Editor. 
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System of vaporization cooling of blast-furnace tuyeres with forced circulations 


1) pumps NKU=140; 2) tuyeres Nos, 1 - 16; 3) separator tank; 4) safety valve; 5) level gauges; 


6) pump for chemically purified water. 


THERMAL CONTROL OF BLAST FURNACE STOVES 


P. G. Baranovskii 


Kuznetsk Metallurgical Combine 


When blast furnace operation is intensified after changing to increased gas pressure, the means of heating 
and delivery of air are presented with substantially higher requirements. Nevertheless the capacities of the exist- 


ing air heating stoves are not utilized to their full extent, even at leading works. The optimum conditions and times 
for heating and blasting are still not established, and methods by which the thermal conditions of the stoves could 


be determined in good time and the desired conditions maintained at a required level are still not developed. 


Detailed thermal testing of the stoves is carried out rather infrequently and in the course of the routine in- 
dustrial operation numerous problems which require prompt solution are encountered. Therefore it is necessary to 


have available current information on the temperature of each piece of equipment, on the quantity of heat stored 
in the brickwork, on the amount of gas delivered to the stove during heating, and so on. 


Instruments for measuring the temperature of the dome and the flue gases are infrequently used and are em- 


ployed mainly for the detection of overheating in the dome. 


At the Kuznetsk Metallurgical Combine specially made thermocouples were installed at various levels of the 
checkerwork of the stoves. Investigations carried out using these thermocouples showed that by means of instruments 
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measuring temperature of the cupola and of the flue gases it is possible to determine much operational informa - 
tion, in particular whether the quantity of heat stored in the checkerwork is sufficient, whether the rate of heating 
of the checkerwork is adequate, what should be done to bring the heating of various pieces of equipment to a uni- 
form level, whether the equipment is heated to the required degree, etc. There is a definite relationship between 
the quantity of heat stored in the checkerwork, the rate of its heating, and the form of the temperature curves of 
the flue gases and of the dome. For instance, the temperature curves of the flue gases indicate not only the tem- 


perature of the gases, but also measure with a sufficient accuracy the general level to which the checkerwork of 
the stove is heated. 


If, prior to the changing of the stove from “on gas” to “on blast,” the temperature of the flue gases in one 
stove is higher then in the others, this means that the general temperature of the checkerwork in that stove is higher 
and the amount of heat stored is larger than in the others. At all levels the brickwork is heated more thoroughly, 


the stove can much more efficiently cope with the heating of the blast, and the rate of cooling the checkerwork 
and the rate of blast temperature fall will he slower than in the other stoves. 


The temperature curves of the dome of the stove indicate not only the temperature of the upper rows of the 
checkerwork but also the quantity of heat stored in the brickwork, If the gradient of the temperature curve of the 
dome of the stove whichison blast, is falling off more rapidly than the temperature curve gradient for other stoves, 
then this stove has a smaller quantity of heat stored, and the fall in blast temperature in that stove will be larger. 


Cases of nonuniform heating of the stoves occur very frequently. The instruments installed in the stoves 
adequately provide for ensuring the uniform heating of the stoves by supplying the required objective data. It is 
necessary only to attain a uniform highest temperature of the flue gases in all the stoves before changing from "on 
gas" to "on blow". Thus conditions are created for an equal heating-up of all stoves (provided that the stoves are 
clean and their checkerwork is not blocked). If for any reason the thermal characteristics of the stoves are at variance, 
the temperature of their flue gases will be different. When establishing the temperature of the flue gases, the read- 
ings of the temperature measuring instruments of the dome should be made use of and the rate of the gas supply 
should be increased to the stove in which the temperature of the top falls off more rapidly during the air blowing. 
The faster the temperature in the stove falls, the more the gas-rate consumption must be increased. In one to one 
and a half days after the gas rate has been increased, the lower and upper part of the checkerwork will be better 
heated, the quantity of the stored heat will be increased, and the rate of temperature fall during blasting will grad- 
ually approach the rate observed in the other stoves. Later on, if necessary, the gas consumption should be reduced 
so as to avoid heating the stove above the required temperature. In other words, the quantity of gas consumed should 
correspond to the characteristics of the stove and should be determined soastoensure uniform heating of all the stoves, 


Control of the appropriate gas consumption shouldbe established according to the temperature of the flue gas 
and the gradient of the dome temperature curve, 


The curves of the flue-gas temperature accurately reflects the changes in the thermal conditions of the stove, 
From the curve it is always possible to determine how the total quantity of the heat stored is changing and to take 
the necessary steps to prevent diversity in the heating of the stoves in good time. 


If the temperature of the flue gases in the given stove, just before the heat is switched off, is found to be 


different from the temperature in the preceding cycle, this means that either the rate of gas delivery to the stove 
or the gas-air ration has changed. 


If the operating personnel does not take the corresponding required steps in time, the total heat stored in the 
stove will decrease (or increase) after a few cycles, 


The conditions of operation, in particular the scheme of heating and blowing, have a great effect on the 
operating efficiency of the blast furnace stoves. The blast furnace stove should not be allowed to operate for 2 hrs 
on blast and 4 - 6 hrs on gas. A prolonged period of the stove on blast causes an excessive cooling of the upper 


rows of the checkerwork and of the dome, a lowering of the mean temperature over the whole height, and a drop 
in the efficiency of heat transfer at the end of the blast period, 


The shortening of the blast period to 1 hr and the gas heating period to 2 hrs results in an increase of mean 


temperature at all levels of the checkerwork and an increase of the efficiency coefficient of the stoves by 2-5 %, 
improves the heating capacity of the stove, and ensures a higher temperature of the blast. 


However, such a method of operating is possible only if blowers and burners of an adequate capacity are 
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available and if the control processes of the valve-changing mechanisms are sufficiently mechanized and auto- 
mated. Therefore the modernization of stove equipment should be speeded up and stoves should be provided with 


burners suitable for automatic control. In the blast furnace plants where the operation of switching mechanisms 
has been mechanized or is carried out automatically, it is imperative to change to the method of a short blast 


period, a more intensified heating, and an increased temperature of the whole checkerwork. The change to this 
method is facilitated by the stove automation which allows more frequent switching of valves, thus increasing the 
k.p.d. (efficiency coefficient) of the stoves and the temperature of the blast. 


RADIO COMMUNICATION IN RAILROAD TRANSPORT SERVICE 


K. D. Belykh, B. I. Eliokumson and K. R. Razumovskii 
Railroad shop of the Dzerzhinsk Works 


In connection with putting new blast furnaces into operation and the increasing pig iron output, the railroad 


services became inadequate for the blast furnace plant at our Works. The schedules for slag flushing and iron tapping 
were frequently upset because of the unsatisfactory railroad services. 


The setting up of a new railroad control section near the blast furnace plant impoved the situation to a cer- 
tain extent. The dispatcher of the railroad plant was in direct communication with the dispatcher of the blast fur- 
nace plant and with the foremen of the furnaces. There was, however, no direct communication between the dis- 


patcher and the locomotive controllers and drivers. Hence, if the locomotive was working near the control room, 
the dispatcher ran to it and gave the necessary instructions but if the locomotive was far off, the dispatcher had 


to wait until the railroad controller completed the task previously allotted to him and reported the completion by 
telephone from the blast furnace plant or the mixer section. If the instructions had to be changed, the dispatcher 


was obliged to send one of the blast furnace plant workers to ask the controller to come to the telephone, or he 
himself had to run to the locomotive. 


In order to eliminate these shortcomings, the locomotives operating on the hot, metal side were equipped 
with radio sets for direct communication with the dispatcher ; this arrangement improved the servicing of the blast 
furnace plant and, together with the change-over from the collective system of remuneration of the rail transport 


teams to the system of individual remuneration, made it possible to eliminate one of the locomotives employed 
on hot metal transport. 


Of course, radio communication under the particular conditions at the works is hampered by the many elec- 
trical distubances. The screening effect of metallic structures, covers, and pipe lines causes radio shadows, where 
radio signals are not received. 


The available radio sets, type ZhP-1, operate in the band of medium waves (120 m) and are particularly 
susceptible to interference. The signal men of the railroad shop have done a great job on the installation and ad- 


justment of the locomotive radio sets. They changed the antenna system: the receiving and the transmitting 
antennae were replaced by a common one and the output stage of the transmitter was modified. 


Faultless operation of the ZhR-1 radio set depends toa great extent on the efficiency of the turbo-generators, 


In order to eliminate breaks in communication in the case of defects in the generator, spare turbo-generators were 
installed in the radio-equipped locomotives. 


At present, five radio-equipped locomotives are operating on the hot metal side of the blast furnace plant. 


The dispatcher now shows all operations on the transportion of hot metal, slag, and blast-furnace dust on 
a special diagram, After the end of the shift the records are thoroughly analyzed by the stationmaster and by the 


blast furnace personnel. At the same time the responsibility for any disruptions of the iron tapping scheme is 
determined, 


A great deal has also been done by the rail transport personnel on the improvement of transport on the slag 
side of the blast fummace plant. The superintendent of shunting operations gives instructions to the controllers by 


means of a TU-600 loudspeaker equipment (on the suggestion of the railroad plant head — M. E. Glushko), The 
connecting cable was laid up the bunker gantry and leads were branched off to the TU-600 loudspeakers, 


The loudspeakers are mounted in such a way that the instructions of the superintendent are clearly heard at 


junction points of the shunting operations. 


In order to extend the valve life of the radio unit, a method was adopted which allows the switching in of 
the anode voltage of the output stage only during transmission. For this purpose the superintendent of shunting 
has a button on his control desk, which, when pressed, switches a high voltage to the output stage valves and makes 
the radio unit ready for transmitting; on releasing the button the high voltage is switched off. 


The adoption of these measures left two locomotives out of those employed in slag transport and one of those 
in the transport of blast furnace dust free for other work, The transport servicing of the blast furnace plant improved 
markedly. 


This can be seen when the number of schedule disruptions, caused by the rail transport personnel during the 
corresponding months in 1955 and 1957, is compared; 


1957 
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HOW SENIOR BLAST FURNACE OPERATORS N. 


I. ABRAMOV AND 


V. S. KORNIENKO CARRY OUT THEIR DUTIES 


V. D. Kichko 


Foreman of the Blast Furnace Plant at the Dzerzhinsk Works 


The blast furnace at which the senior blast furnace operators Nikolai Ivanovich Abramov and Vladimir Sa- 
fonovich Kornienko are employed was erected and blown-in in August, 1956. Its working volume is 1386 cu m. 
The blast furnace is provided with three stoves of 89040 sq m total heating area and two scale-cars, each of 30- 


ton lifting capacity (one is in operation, the other in reserve), The furnace produces pig iron for the Bessemer 
converter, 


The group system of remunerating the teams at this furnace was changed. The workers and foremen of all 
the teams work as one group, assisting each other a great deal. 


On handing over the shift to Abramov, Kornienko tells him in detail how the furnace has behaved during the 
shift and indicates beforehand what changes in the furnace operation can be expected in the next shift. 


With such an arrangement the man who takes charge of the shift knows what are the prospects of the shift 
and need not be apprehensive of any unexpected changes in the furnace operation. Long experience of teamwork 
showed that the shift is as a rule handed over in order and the man who takes over does not need to check the con- 
ditions of the equipment and to inspect the whole section; if there are any irregularities in the operation of the 
furnace or in the condition of the equipment, the one who hands the shift over draws the attention of the man tak- 


ing charge to these irregularities. Because of the absence of the inspection and check, the length of time for the 
hand-over of the shift is markedly reduced. 


1955 


In the same way N. I. Abramov hands over the shift to the senior operator of the third team, Iu. P. Maidannik. 


In the course of their duties Abramov and Kornienko watch the functioning of the blast’ furnace stoves care - 
fully — the hot and cold-blast valves, blowers, chimney valves, control and measuring instruments, automatic re - 


gulators, and so on. They pay special attention to the firing conditions in the stoves and to temperature control. 
If the dome and the checkerwork of the stove are already sufficiently hot, but it is still too early to put the stove 


“on blast," the firing is then stopped and the stove is sealed, thus reducing gas consumption on the heating of the 
stoves, 


The maximum temperature of the dome is 1100° C and of the flue gases under the checkers 300°C. Dur- 
ing the shift the stoves are changed from “on gas" to "on heat" and vice versa as required. Abramov and Korni- 
enko, together with their assistants, carry out these changes in strict conformity to the plant technical instructions 
on the blast furnace stove operation. The blast period is of 1.5 hr duration, and the gas period is 3 hrs. 


In addition Abramov and Kornienko supervise the tidiness of the stove floor and clean and lubricate the 
equipment assigned to each team, The hydraulic engineers and fitters on duty are called, when necessary, to eli- 
minate any faults inthe functioning of the hot-blast valves, the blowers, or of the control and measuring instru- 
ments. 


In order to avoid slips and scaffolding on switching in a new stove, N. I, Abramov and V, S, Kornienko, as 
a rule, reduce the blast temperature by about 10° C and raise it again to the scheduled value, only after making 
sure that the charge is descending normally, 


Comrades Abramov and Kornienko know their duties well, They not only supervise the operation and condi- 
tions of the blast, but also assist the blast furnace foreman in the control of the complex blast furnace process. 


The senior operators watch the indications of the control and measuring instruments and the functioning of 
the automatic equipment carefully, they check the delivery and the quality of materials for processing, and keep 
the blast furnace stoves in good condition and running order. Hence no change in the furnace operation escapes 
their notice, and they are in a position to discuss at once with the foreman any measures required for the rectifi- 
cation of any irregularities in the furnace operation. The stock line and the uniformity of the charge descent are 
determined from the stock line indicator diagrams. 


The method of controlling the furnace "from above," i.e., by regulating the scheme of charging, is exten- 
sively used on this furnace. This method allows a maximum utilization of the thermal and chemical energies of 
the gases, a uniform operation of the furnace, and a high technical and economic efficiency of the process. Using 
the instruments which indicate the temperature of the peripheral gases in the furnace, Abramov and Kornienko 
aim at maintaining the temperature of the peripheral gases within the limits 800-850° C, the difference between 
two points not exceeding 50° C. 


If the temperature of the peripheral gases rises in the course of 1.5-2 hrs to above 850° C, this being an in- 
dication of the furnace'’s tendency to peripheral channelling, the senior operators advise the furnace foreman to 
adjust the charge and change the method of filling to; ore -ore -coke-coke -coke. 


If, on the contrary, the temperature of the peripheral gases after 1.5 - 2 hrs is still below normal, then this 
is an indication of a central channelling, the rectification of which is brought about by changing the method of 
filling to: coke-coke-ore-ore-coke. When the gas flow has become uniform the original system of charging is 
restored. The temperature of the gases in the top of the furnace constitutes a very important factor. If the vari- 
ation of the gas temperature in different points does not exceed 30° C the process is considered to be normal. De- 
viation from this condition indicates the channelling of the gas stream and necessitates measures aimed at levelling 
of the irregular gas flow. An important factor is the CO, content in the gas along the radius of the furnace. The 
best utilization ofthe gases is achieved when the CO, content at the periphery is 7-8 % and in the center of the fur- 
nace it is the same or 1-2 % less. 


The thermal control of the furnace is effected mainly by varying the humidity of the blast. 


The blast temperature is as a rule kept between 780-800° C, thus allowing a considerable saving in coke. 
When the charge descends slowly N. I. Abramov and V. S. Kornienko increase the blast humidity and only in ex- 
treme cases resort to lowering the blast temperature. When the charge descends rapidly they merely reduce the 
humidity of the blast, resorting to a reduction of blast quantity only in extreme cases. The minimum amount of 


| 


blast constitutes 3000 - 3200 cu m per minon 2,25 - 2.30 maximum ore burden relative to coke. 


The amount of blast is reduced only in cases when the uniform descent of the charge is upset and the pres- 
sure diagram of the top gases exhibits "peaks," or wher the output of blast furnace dust increases excessively. 
When the descent of the charge has been brought to normal the original amount _ of blast is restored. In order 
to establish the causes of irregular operation, the revolving distributor, the temperature of the top, and the steam 
inflow to the furnace are checked. N. I. Abramov and V. S. Kornienko do not permit a prolonged operation of 
the furnace if the tuyeres become blocked, as it would lead to irregular cross sectional distribution of the blast 
in the furnace and hence cause an irregular descent of the charge. 


In four months in 1957 the personnel of this blast furnace achieved the following results: 


Pig iron output in exess of schedule, ton 6911 
Coke saving, ton 8611 
Reduction of idling period for maintenance, com- 

pared with that planned, % . 
Cost reduction of pig iron, rubles per ton 15 


Several factors have contributed to these achievements: the change from productivity competition between 
teams to competition between groups of furnace workers operating similar furnaces; the adoption of the advanced 
method of furnace process control by the system of charging; the elimination of the obsolete marking method of 
evalution of individual team performance; and the uniting of all shifts into one single production team. 
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THE STEELMAKING INDUSTRY 


REDUCTION OF CONTAMINATION IN RIMMED STEEL WITH 
NONMETALLIC IMPURITIES 


Engineer D. S. Gerchikov 


Stalino Metallurgical Works 


As a result of investigations carried out with the use of radioactive isotopes at the Stalino Metallurgical 
Works the following causes of contamination in rimmed steel ingot with nonmetallic impurities which result in 
seam and blowhole defects of ingots were established: 


1) the slag foam, formed on account of the rising products of the decomposition of refractories and the de- 
oxidation of steel with manganese (MnO) and drawn into the boiling metal in the mold; 


2) manganous oxide, which remains in the metal (not floating with the slag foam); 


3) particles — products of the decomposition of refractories — which remain fixed in the metal between the 
growing crystallites. 


Information on the sources of the origin of nonmetallic impurities in the rimmed steel made it possible to 
work out methods of combatting this defect. 


Choice of the optimum method of deoxidation. It is known from the investigations carried out by various 
authors that the reducing properties of manganese in steel deoxidation in general, and rimmed steel deoxidation 


in particular, manifest themselves only during the crystallization of the ingots, i.e., the deoxidation reaction takes 
place mainly in the mold. 


With the increase of manganese content in steel, the concentration of MnO in the impurities increases, and 
their melting point rises. The infusible and highly dispersed MnO impurities increase the viscosity, lower the in- 
tensity of boil and cause a number of rimmed steel defects. Hence the concentration of nonmetallic impurities 
in the rimmed steel is closely related to the manganese content in the steel during the crystallization period in 
the mold. 


The contamination of rimmed steel by the products of deoxidation reaction (MnO) may be lessened by low- 
ering the manganese content in the metal prior to the commencement of crystallization. With this object in view, 
it is reasonable to deoxidize rimmed steel with ferromanganese in the ladle. The results of investigations* carried 
out at the Works showed that, owing to the smaller number of factors affecting the loss of manganese, it is possible, 
on deoxidation in the ladle, to achieve narrower limits of manganese content in the finished steel (ladle sample), 
the content lying more closely to the lower limit of the required chemical composition. 


*"Metallurgist"No. 6 1957. 
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Application of fluxes for rendering the slag foam fluid. The slag foam which floats on the surface of metal 
in the mold contains in the main 45-55 % MnO, 18-23 % SiO,, 20-30 % FeO. It can be assumed to a close approxi- 
mation that the slag foam constitutes a three-component system FeO — MnO — SiO). The equilibrium diagram of 
this system shows that the lowest melting temperature corresponds to the slag containing approximately 32 % SiO), 
48 % FeO and 20 % MnO. 


A comparison of the chemical composition of the slag which has the lowest melting temperature with the 
composition of the slag foam shows that the former has lower MnO content and higher SiO, and FeO content. 


With the object of changing the chemical composition of the slag foam, fluxing mixtures of various compo- 
sition are strewn on to the surface of the boiling metal at the end of mold filling, the mixtures being chosen with 
due regard to the requirements of lowering the relative content of MnO and of raising SiO,, FeO, and other easily 
fusible components in the slag foam. 


We carried out experiments with the idea of investigating the effect of various fluxing additions on the 
change in the chemical composition and the fluidity of the slag foam. As fluxes, apart from the mixture previously 
used at the Works and consisting of 65 % (by volume) dry sand and 35 % roasted scale, we tested crushed glass, si- 
licate lumps, and urtite (nephelinic syenite) as well as flux consisting of fluorspar powder CaF. 


The chemical composition of the fluxing admixtures was, % 


SiO, Al,O3 Fe,03 Alkali 
err 37.5 29.0 4.5 19.5 


The table below gives the change in the chemical composition of the slag foam being effected by the various 
fluxing additions. 


Change in Chemical Composition of the Slag Foam Effected by Various Fluxing Additions 


Content % 
Slag foam sio, | Al,0, | Feo, | Feo | Mno | cao | MgO | cr,0,] 8 P.O, car, 
2 

not 
At the end of mold filling. . . | 11.00) 2.77 | 1.10 | 34.40) 39.94) 0.28 | 0.10 | 0.88 | 0.165] determ. | 0.39} — 
Frere ee es 13.20] 4.50 | 3.80 | 24.0 | 49.2 | 0.70 | 0.25 | 2.45 | 0.275) 0.095 | 0.75; — 
14.94)10.40 | 5.50 | 18.95) 45.7 | 0.25 | 0.30 | 1.45 | 0.22] 0.050 | 0.35] — 
15.8 | 6.54 | 5.10 | 21.93) 46.85) 0,40 | 0.12 | 1 25 | 0.245) 0.025 0.10 

After adding the mixture of 

22.04] 5.93 | 5.14 | 16.64] 47.0 | 0.50 |] 0.15 | 1.49 | 0.170) 0.165 | 0.495) — 
After adding urtite........ | 18.70) 7.50 | 6.00 | 13.75) 38,5 | 7.40 | 2.50 | 2.75 | 0.244) 0.1385 | 1.250) — 

- | not 
55) 15.90] 7.21 | 7.70 | 18,54] 44.85) 0.10 | 0.09 | 0.58 | 0.218} determ.} 3.12 | — 
After adding silicate lumps. . . | 31.1 | 4.90 | 6.57 | 11.70] 42.30] 0.70 | — | 0.55 | 0.148} 0.010 | 0.08; — 

not 

errr 19.8 | 3.90 | 6.85 | 16.75] 51.37] 0.25.| 0.12 | 0.75 | 0.255 determ. | 9.52} — 
After adding crushed glass ... | 18.4 | 2.52 | 6.40 | 18.84) 49.87) 0.18 | 0.10 | 0.504) 0.224/the same} 0.90 | — 
After adding fluorspar...... | 8.40} 2.85 | 7.85 | 21.12) 49.85) — | 0.07 | 0.94 | 0.231) » » | 0.10} 12.8 
2.80} 4.50 | 3.80] 9.80) 37.0| — | 0.52 | 0.44 | 0.180) 0.11 0.40 | 37.0 


Investigation of the fluidity effect of various additions showed that the effects of urtite, silicate lumps and 
crushed glass are approximately the same: the slag foam was considerably more fluid after the addition. However, 
a substantial increase in the fluidity of the slag foam also has a negative effect, since the slag foam spreads over 
the whole surface of the metal thus isolating it from the atmosphere and impairing the boiling of the metal. 


Addition of fluorsparhas a very good effect on the fluidity increase of the metal but at the same time it con- 
siderably reduces the boiling of the metal. 


Tests carried out earlier showed that the lowering of the intensity of the boil of rimmed steel in the mold, 
as a result of a restriction or a complete cut off of atmospheric oxygen to the metal, impairs the metal quality 


and increases its structural and chemical nonuniformity. 
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Addition of scale and sand mixture is the best, as can be seen from its effect. Although the fluidity of the 
slag foam does not increase as much as in the cases of urtite, silicate lamp or crushed glass, but the intensity of 
the metal boiling in the mold is not suppressed so much. 


Hence, the use of scale and sand mixture as the fluxing addition for increasing the fluidity of the slag foam 
at the Stalino Metallurgical Works is fully justified and may be recommended to other works. 


Optimum temperature of rimmed steel on tapping. The problem of the optimum temperature of metal at 


the time of tapping and mold filling is very important from the point of view of combatting nonmetallic impurities 
in rimmed steel. 


Because the nonmetallic impurities in rimmed steel are formed by the decomposition products of the refrac- 
tories (fountain lining), it would seem appropriate to strive for the lowest possible temperature of metal during 
pouring so as to reduce the erosion of the refractories. But at the same time the effect of temperature on the ris- 
ing velocity of impurities should be taken into account. 


It was previously established that in the heats from the furnaces with silica roofs, i. e., heats with a lower 
metal temperature, the defects on account of seams were nearly five times higher than in the heats from furnaces 
with basic roofs. But at the same time it was shown that it was obviously inappropriate to attempt increasing the 
temperature with the object of reducing seam defects, as this would lead to an increase of faulty products on ac- 
count of other defects (cracks, scabs, ingot porosity). 


Hence, the optimum temperature of obtaining rimmed steeel with minimum defects of all kinds (including 
seams) is a not too high, moderate temperature. According to the results of investigation carried out at the Works, 
the most favorable temperature of rimmed steel in the furnace prior to tapping is in the range of 1600-1620° C 
(measured by immersion thermocouple). 


On the basis of the results of the present investigation, the following modifications were introduced into the 
technology of making and pouring rimmed steels 


a) the deoxidation of steeel with ferromanganese has been transferred from the furnace to the ladle; 
b) prior to tapping, metal in the furnace is heated to a moderate temperature (1600-1620° C); 


c) to increase the fluidity of the slag foam in the mold, a fluxing mixture, which consists of 65 % dry sand 
and 35 %(by volume) of calcined scale, is applied. 


The adoption of the new method ensured a marked improvement in the quality of rimmed steel; the defects 
related to large accumulations of nonmetallic inclusions decreased, Billets which are faulty on account of cavities 


in the central part of the ingots are completely eliminated, and the number of plates with transverse seams of gas 
blowholes is substantially reduced, 


In 1953, prior to the introduction of the changes in the technology of making and pouring rimmed steeel, 
the products which were faulty on account of seams and blowholes amounted to 0.035 % per year; in 1955, after 
the adoption of the new method this amount fell to 0.0004 %, i.e., decreased nearly 100 fold, In 1956-1957, the 


amount of product which was faulty on account of seams and blowholes remained at the same level as in 1955. 


DEOXIDATION OF RAIL STEEL BY A REDUCED QUANTITY OF ALUMINUM 


N. I. Shirokov and B. G. Petukhov 
Siberian Metallurgica] Institute and Kuznetsk Metallurgical Combine 


From the 1890's aluminum has been widely employed as a deoxidizing agent in the steelmaking industry. 
Later on its positive effect on the diminution of natural grain and on the lowering of the tendency of steel to ag- 
ing was established. At the same time, it was shown that aluminum additions cause the formation in the steel of 
alumina inclusions which distribute themselves in the form of chains and markedly impair the mechanical proper- 


ties (especially the plastic properties) of steel. Academician A. A, Baikov considered that Al,O3 separates in the 


form of acicular shapes which constitute seats of internal stress development. 


The amount of aluminum added depends on the grade of steel produced and varies within wide limits (300- 
-1000 g/ ton). 


On making rail steel at the Kuznetsk Metallurgical Combine, aluminum was added in the quantity of 300 
g/ ton (apart from the aluminum contained in ferroalloys), 


The adoption of preliminary deoxidation of rail steel without blast furnace ferrosilicon, a double amount 


of 45 % ferrosilicon which contains about 1% aluminum being added into the ladle, calls for a reconsideration of 


the problem of the amount of alumiinum added on making rail steel. 


In 1955 the Siberian Metallurgical Institute, in conjunction with the Kuznetsk Metallurgical Combine, carried out 
investigations on decreasing the aluminum addition toR-50 rail steel, when preliminary deoxidation of metal isemployed 
without blast furnace ferrosilicon. Experimental heats were carried out in 380-ton basic open-hearth furnaces fired with 
producer and coke-ovengases, The method of steelmaking employed in the experimental heats differed from the usual 
one only in the conditions of the deoxidation of the metal. Two different methods of deoxidation of the experimental heats 


were useds 


Ist method (9 heats) — deoxidation in the furnace with ferromanganese only (11.7-18.0 kg/ ton): final de- 


oxidation in the ladle with 45 % ferrosilicon (5.2-5.7 kg/ ton) and with a reduced amount ef aluminum (207 g/ ton). 


2nd method (6 heats) — deoxidation in the furnace with ferromanganese (11.6 -11.8 kg/ ton) and blast fur- 

nace ferrosilicon (8,8-9.6 kg/ ton); deoxidation in the ladle with 45 % ferrosilicon (3,6-4,1 kg/ ton) and aluminum 

(300 g/ ton). . Samples from the experimenta] heats were 
ee taken before the deoxidation, during tapping and in 


the middle of pouring (on 10th or 11th ingot), for 
the determination of the chemical composition, 


the gas content (oxygen and hydrogen) and persistent 
nonmetallic inclusions, 


For the purpose of comparison, the experimental 


heats of rail steel, grade R-50, produced in 1956 and 


deoxidized in the furnace with ferromangenese only 


(18.8 kg/ ton) and in the ladle — with 45 % ferro- 


silicon and with aluminum to the amount of 300 g/ ton 


ry (8rd method, 27 heats),were used. 
~~ Before the deoxidation, metal contained 0.64- 


j -0.65 % C; Yo Mn; 0.013-0.014 % P; 0.010 
Fig. 1, Shape and size of persistent inclusions in % Oy; 4.98"5.20 cm’ / 100 g H, and a relatively small 
the metal before deoxidation. amount of persistent inclusions (0.0022-0.0050 %). 


In the slag of this period there was 9.2=10.7 % FeO; 


2.37-2.49 To MnO; 1.83-1.91 % P,O05; its basisity varied between the limits of 2.73-2.92; fluidity — 122-143 mm. 


The temperature of the metal before deoxidation was 1580-1610" C, and the temperature of the slag was 15-20°C 
higher. 
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Persistent impurities in the metal before the 
deoxidation were silicates in the form of globules of 
5-35 Wb or elongated and oval grains, quartz parti- 
cles of up to 135 x 120 » and corundum grains of up 


to 12 ut (Fig. 1). The chemical composition of these 


inclusions,% 10% 


Amount 


inclusions was as follows, 
SiO, A1,03 FeO MnO 
8 
18.9-21.4  40.5-42.9 35.1-35.7  0.0-5.4 
3 
3 Ee The changes in the composition of the metal, 
& 8 a} ! the slag and the _ content of oxygen, hydrogen 
i and nonmetallic inclusions during the process of the 
deoxidation of metal in the furnace and in the ladle 
“ can be seen in Table 1 and Fig, 2. 
45% Fesi+ at s00g/ t 
= Py t re 45% Fesi Ae 300 g/t In the process of the preliminary deoxidation 
io of the metal in the furnace with ferromanganese 
alone (fitst and second method) the FeO content in 
E 3 16 the slag is reduced by 1.5 %, MnO content is doubled, 
eas but the oxygen content in the metal remains un- 


changed (0.010 %). The content of persistent inclu- 


sions — phosphorus and hydrogen ~ in the metal in- 


creases only slightly. A marked increase of Alj,O3 


content in the inclusions of that period is obviously 


related to the presence of Al,O3 inclusions in ferro- 
Manganese. 


usions,% 10~* 


Amount 
incl 


On the addition of ferromanganese and blast 
furnace ferrosilicon into the furnace, the content of 


Fig, 2, Amount and composition of persistent inclu- oxygen, dissolved in metal, markedly decreases to- 


sions during the process of making and deoxidizing gether with a decrease of FeO (by 2.6 %) and an in- 
rail steel, grade R-50; crease of Mn (by 2.06 %) in the slag, At the same 
a) in the metal before deoxidation; b) in the time, however, there is a marked increase in the 
metal during tapping, metal being deoxidized in amount of nonmetallic inclusions (from 0.0087 to 
the furnace; c) in the sample from the ladle, 0.0089 %), phosphorus content (by 0.007 %), and 
metal being deoxidized in theladle; d) in hydrogen content (1.0 cu cm/ 100g). The amount 
finished rails. of persistant inclusions increases in this case on 


account of the increased content of SiO, and Al,O, 


in the inclusions. 


The chemical composition of the persistent inclusions in the ladle sample of the metal was as follows for 
the different methods of deoxidation, 7%; 


Method of deoxidation SiO, Al,O3 FeO MnO 


I 31.5 45.2 9.6 13.7 


I 18.4 12.8 4,9 3.9 


Tit 20.4 61.0 18.6 


In appearance these inclusions are corundum of size up to 10 uw, silicates in the form of globules of up to 27 


diameter or elongated grains of 200 x 600f, and quartz of 15 x 12 (Fig. 3). 


As is seen from Table 1, the amount of inclusions in finished rails decreased markedly especially in the 


case of the second method of deoxidation. In the end the amount of inclusions in rails was practically the same 
for the different methods of deoxidation, However, an increased content of SiO, and a smaller amount of Al,O3 


were retained in the composition of the inclusions in the rails, deoxidized by the first method (with a reduced 
amount of aluminum), as well as in the samples taken from the ladle, The form and size of inclusions are shown 


in Fig. 4. 


MnO 
\ 
% 


Fig. 3. Shape and size of persistent impurities Fig. 4, Shape and size of persistent inclusions in finished 


in the sample taken from the ladle. rails. 


The metallographic analysis of the contamination of rail steel with nonmetallic inclusions showed (Table 2) 
that the rails, deoxidized by the first method, contained a smaller amount of oxides; hence the macrostructure of 


these rails is better than the macrostructure of the rails made of steel deoxidized by the second or third method. 
After reduction of the quantity of aluminum added, the size of the natural grain was not affected and was estimated 


by Nos. 5-1. 


TABLE 1 


Change of Slag Composition, Gas Content (H, and O,), and Persistent Inclusions in Metal for Different Methods of 
Metal Deoxidation 


Slag com- Nonmetallic inclusions, % 


Lasi- Present in 
Method position, ‘p city metal out of this 
of Sample taken (CaO) 
deoxidatic: total 


Before 


O14 0. 0. 0. 

I On ta 80 | 2.92 -O017| 5.55 0.0048/0.0006/0. 0. 


Before deoxidation....... : 2.49 | 2.76 0.0008/0. 
On tapping. . «| 8.03) 4.55 | 2.70 | 0.021) 5.98 | 0.006/0.0089)0 


From ladle. — } 0.023) 4.79 } 0.004)0.0103)0.0019)0.0075)0 .0005)0.0004 
Fromfinished rail 0 .0008)/0 .0045/0 .0004/0 .0001 


MnO) 


Before deoxidation. 9.3 2.7 0.013} — 0.0009 
On tapping. 8.0 | 4.10 | 2.68 | 0.014} — | 0.0017 
From ladle 0.019, — 0.007(0.0074|0.0017/0.0033 0.0026 
From finished rail . — — | 0.001] 


Rails from the first method of deoxidation have, compared with the rails from the second method, higher 


Plastic properties at a somewhat reduced yield point (by 1 kg/mm? ) and ultimate tensile strength (by 0.5 kg/sq 
mm), Bending deflection and impact strength are practically equal for both methods (Table 2), 


24 


TABLE 2 


[dures [ev 


0.72 


0.7) 


° 
o[dues 

[eurpn} 
~13u0] 


0.94 


2 ~SSOID 


1.07 


1.17 | 0.90 


4oydures teu 


Impact strength o, kg m/sq 


cm at termperatures 


1,68 


1.76 


-oajep Suypusq 


39.2 


% 
UOSstog 


17.8 


15.7 | 39.4 


*eare 
Jo. 


Mechanical properties of rails 


bs 


bs 
*S o aod 


56.0 | 92.5 


57.0 | 93.0 | 8.2 


1A 


1.86 | 3.75 


clusions, mark** 


Is] 


fa] 


Chemical compo-| Non-metallic in- 


sition % * 


[uw] + 
+ [5] 


0.94 | 0.021} 0.029) 2,83 


0.93 | 0.023 0.0 2.83 | 2.33 | 3.80 | LA.1B 


Method of deoxidation 


Chemical Composition and Mechanical Properties of Rails on Different Methods of Deoxidation 


blast fumace Fe-Si 


45 Yo Fe-Si 


Al — 300 


II. Fe-Mn, 
ILI. Fe-Mn, 
45 Yo 


ae 0.019 ol 2.63 | 1.81 Ka 1A . 1B healing 9.0} 15,1 | 37.0 | 1.44 | 1.09 Ethan 


Fe-Si, 


Al— 300 g/t 


2 0.20 - 0.22%, 


* Si content in metal 


** "scale 


All the mechanical properties of 
the rails from the first method were 
higher when compared with those of the 
third method, which differs from the 
first only by the larger quantity of alu- 
minum added (300 g/ ton). 


Pouring and rolling of metal from 
the experimental heats under the same 


conditions make possible a comparison 
of the deoxidation methods according 

to the percentage of first-grade rail out- 
put and the cost of the materials used 
for deoxidation. 


The percentage output of first-grade 
rails is practically the same for the vari- 
ous methods of deoxidation (95.1-95.4%). 
The cost of ferroalloys being taken as: 
Fe=Mn 1009 rubles per ton, blast fur- 
nace Fe-Si 496 rubles per ton, 45 % 
Fe-Si 697 rubles per ton and Al 2861 
rubles per ton, — the cost of deoxida- 
tion in the first method is 2 rubles 10 
kopecks less than in the second method. 
Reduction of the amount of aluminum 
from 300 to 200 g/ ton represents a 


saving of 26 kopecks per 1 ton of steel. 
Therefore, on the preliminary de- 


oxidation of rail steel in the furnace 
with ferromanganese only and the addi- 
tion into the ladle of an increased quan- 
tity of 45 % ferrosilicon, containing 1 % 
of Al, it is expedient to reduce to 200 
g/ ton the amount of aluminum added, 
for then the consumption of aluminum 
is reduced, the cost of steel is lowered, 
and mechanical properties of steel are 
markedly improved. 


DISCUSSION 


POSSIBLE OVERLOADING OF ELECTRIC STEELMAKING FURNACES 


Candidate of Tech. Sciences 


Head of the Central Laboratory of the Gorki Metallurgical Works 


Modern electric furnaces for steel manufacture are provided with high-capacity transformers, electrical 
equipment for the control of operating conditions and other complex and mechanical equipment. However, at 
many metallurgical and machine -building works there are still furnaces which were installed 15 or 20 years ago, 
with small-capacity transformers and other out-of -date equipment. An efficient use of these furnaces is very im- 
portant for an increase of ste! output. 


The basic indices of electric furnace operation are the operating efficiency and specific power consumption 
on the production of high-quality metal. These indices depend on several factors; furnace size, transformer ca- 
pacity, durability of refractory lining, specificity of operating conditions, and so on. In these the most important 
factor on which the high productivity of the furnace depends is a right relation between the capacity of the trans- 
former and the size of the furnace. 


Increase in output can be achieved either by raising the capacity of the transformer or by increasing the 
weight of the charge. The modernization of old furnaces by means of replacing existing transformers by more 
powerful ones proved to be fully justified, but for the time being it is impossible to carry out the modernization 
in a short time and on a large scale. The increase of output by increasing the charge entails fewer difficulties. 


The expediency of overloading the furnaces compared with their design capacity has been proved by the 
extensive _ practice of several works, but the extent of overloading has not been finally established. 


Daily (24-hrs) output of the electric arc furnace may be calculated by the formulas 
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where: 


G — daily output (tons); 
g — weight of the charge (tons); 

T time between heats (hrs); 

T,— duration of melting period (hrs); 

T 37 residence time of liquid metal in the furnace (hrs). 


It follows from this formula that; 1) the maximum output is attained at the minimum total duration of the 
heat; 2) for a given transformer capacity, furnace size,and conditions of the process there is an optimum weight 
of the charge which ensures a maximum output and a minimum power consumption. 


It is frequently assumed in practice that the overloading of the furnace by more than 30 -50 % is unadvisable 
because of inadequate transformer capacity. Once established, the size of the charge remains unaltered for many 
years in spite of substantial changes in the operating conditions. 


Here lies one of the causes of an extreme diversity in the extent of furnace overloading at various works 
and of inadequate utilization of furnace capacity. 


Let us suppose that it is possible to cut the time between the heats by, say, changing from manual to bucket 
charging and to reduce the time of melting and refining metal by use of oxygen. In that case the increase of out- 
put G may be effected either on account of the reduction of 7y, T2, and 73 only, or the charge can be increased, 
at the same time advantage being taken of the reduction of 71, rz, and 73. Since the change over to bucket charg- 
ing and in particular the use of oxygen considerably increase the thermal capacity of the furnace, the latter alter- 
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native is more advantageous because, in that case, the furnace output will be increased to a greater extent. 


Speeding up of the charging operation and the use of oxygen are not the only factors affecting the output 


increase. Correct charging, the quality of the charge, appropriate electrical and thermal operating conditions, 
the durability of furnace lining and others are also of great importance. 


Taking into account the foregoing considerations, the amount of overloading should be determined experi- 
mentally in each case. 


Main Operating Statistics of Electric Furnaces 


Durability of Faulty 


Weight Duration of (hr — min Ower fs 
( ) P | lining, heats production 


charge consump 4 
(tons) |prepar- |charging| melting |boiling j|refining |total tion ( kw roof walls 
ing heat ~hr/ ton) 


1951 12.5 0—15 1—15 2—50 0—53 1—35 6—48 54 
1952 ; O—15 | 1—10 | 2—57 | 0—43 | 1—31 | 6—36 50 
1953 ‘ 0O—16 | 0—47 | 2—52 | 0—40 | 1—40 | 6—15 42 
1954 ; 0O—20 | 0—19 | 2-56 | 0—42 | 1—41 | 5—58 41 
1955 4.2 | 0-19 | 0-15 | 3-05 | 0-35 | 1-34 | 5—48 


The practice of the Gorki Metallurgical Works confirms the feasibility of a substantial increase of furnace 
output and a reduction of electric power consumption. 


In 1935 two electric arc furnaces of 7.5-ton capacity each, with transformers of 2500kwa, were installed at 
the Works. Soon after starting, the furnace began to be operated at 20 % overloading; subsequently the overload- 
ing was gradually increased and in 1950 it reached 60 %, 


It must be noted that it is not possible to achieve substantial effect by merely increasing the weight of the 
charge and without the appropriate modification of operating conditions. 


In spite of a very wide range of steel grades manufactured in subsequent years, the overloading of the fur- 
naces was increased, without the change of transformer capacity, by taking the following main measures: 


1) increasing the diameter of the furnace shell by 220 mm (from 3400 to 3620 mm); 
2) installation of regulators for electrical operating conditions; 


3) replacement of manual charging by bucket charging through the roof, the time of the charging operation 
being shortened from 75 to 13-15 minutes; 


4) increasing the number of heats processed by the method of remelting; 


5) adoption of block lining of walls and lining of roofs on one of the furnaces with refractory chrome -mag- 
nesite brick; 


6) increasing ladle capacity, widening of pouring spout, and installation of more powerful pouring crane; 
1) improvement of electrical and thermal operating conditions of the heats; 

8) use of gaseous oxygen in the manufacture of stainless steel, and so on. 

The changes in the operating indices of the furnaces from 1951-1955 are shown in the table. 


It follows from the data given in the table that the overloading of furnaces in 1955 reached 90 % compared 
with design capacity and the output increased by 34 % compared with that of 1951. 


Total time for one heat was reduced over these years by 1 hr on account of shortening the charging and boil - 
ing periods, and power consumption fell by 13 %. The durability of roofs increased on account of the introduction 
of chrome-magnesite brick at one of the furnaces. “he life of silica roofs amounted to about 70 heats; the life 
of chrome-magnesite roof is nearly twice as long. A marked fall in faulty production made it possible to increase 
the output of accepted product by 40 % compared with 1951. 


2.5 
2.2 
1.5 
1.37 
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In 1956 the furnaces were apennk with a charge of 14.3-14.5 tons and the average time of the heat was, 
owing to the use of oxygen, 5 hrs 36 min in the first half of the year. The overload of the furnace transformer did 
not exceed 10-15 % during the melting period. 


The operating experience indicates that, provided the charge for electric furnaces is ensured and the use of 
oxygen is more widely applied, it is possible to increase the overloading of electric arc furnaces to 100 %, 
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THE ROLLED AND TUBULAR PRODUCT INDUSTRY 


NEW DESIGNS OF ROLL HOUSING 


Senior Roll Designer, Candidate of Tech. Sciences M. M. Shternov, 


and Engineer-Roll Designer N. F. Gritsuk 


Magnitogorsk Metallurgical Combine 


Continual growth in productivity of the existing rolling mills with increasing requirements regarding the 


quality of the products as well as the establishment of new section mills with a high speed of rolling put more and 
more severe requirements on the roll housing. 


The Roll Design Bureau of the Combine, in collaboration with the plant personnel, designed a new roll hous- 
ing for the automated mill 300 intended for rolling small beams, rectangular, round, square and strip sections. 
The mill is of cross-country type and has ten two-high stands. The speed of rolling in the finishing stands is 9- 
-11 m/sec, the billet weighing 200-500 kg. Experience in the design and operation of roll housings at some home 
and foreign works was taken into account in the present design of roll housing. 


GUIDE BLOCKS 


On the entry and delivery sides of the stand there are interchangeable guide blocks (1) and (13), (Fig. 1, a). 
They are braced with suspension bolts (2) which allow, when necessary, the adjustment of the level of the blocks 
with respect to the axis of rolled piece. The frame construction of the block (Fig. 1, b) and its bracing to the 
base by means of four bolts (3) are designed for taking heavy loads which occur during some irregularities in roll- 
ing. 


By means of the screw (12) which passes underneath the block along the roll barrel and has a wheel drive 
at the other end, the nut (6) and the trolley (7) with entry guide box (13) or delivery guide box (8) are moved. 
Between the trolley and the bottom of the box there is a small gap so that the loads and stresses taken by the hous- 
ing during rolling are distributed over the area of the block, the trolley and the screw remaining unloaded. 


If there are any troubles in the moving mechanism, the trolley, which can be detached from the guide box 
mounted on it, turns under its own weight on the screw and sinks under the block. Such a construction of the trol- 
ley allows the continuation of the operation without replacing the whole block. 


The screw (12) made of stainless steel is protected from accidental mechanical damage by a special ex- 
changeable plate (9) and from blocking of the thread with scale — by continuous spraying with water from the 
tube (10) passing along the screw. 


A supporting plate (4) secures the box mounted on the block, the bracing bolt (11) being at the same time 
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Fig. 1, Entering and delivery roller equip- 


a) general view; b) mechanized guide 


ment and mechanized guide blocks: 
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a safety bolt, The rupture of this bolt, if the front end of the strip is stuck in the delivery guide box, allows a free 
removal of the strip from the rolls and prevents the damage to the valuable and scarce parts of the housing. 
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- Coys Fig. 2, Typical entering roller equipment for 
\ ! rolling sections 70-140 mm wide. 
r The main dimensions of the entering and the 
+= i delivery boxes as well as the corresponding dimen- 
car sions of the supporting surface of the guide blocks are 
| at ig }% the same for all stands. Thus it is possible to fit any 
Ss + sa A available guide box on any stand of the mill; hence 
' | ' the number of spare parts can be kept small. On the 
mili described here it is possible to roll the whole 
J = range of material of any width with only two standard 
q 
{-+14- ANSE sizes of entering and delivery equipment. 
= | 
dH by Quick fitting of entering and delivery guide 
boxes onto the guide block and the mechanization 


of their movement along the roll barrel allow a marked 
reduction in the time for pass and roll changing. 


ENTERING EQUIPMENT 


The entering equipment is intended as an accurate guide of the piece into the pass of the working roll and, 


in some cases, for preventing the piece from twisting in the pass. 
The entering equipment (Fig. 2) on all stands of the mill consists of open guide boxes (1) with adjustable 


guides (2) which have at the end either rollers (6) or wear resistant inserts. The setting of the guides with respect 


to the pass is carried outby meansof the adjusting (5) and return (4) bolts. The guides can turn around the axis 


(3) through 10-15°. The use of open guide boxes allows an easy removal of pieces stuck between the rolls, as 


well as the rolling of pieces with bent-up end without jamming the rolls. 


The unification of dimensions of guides and boxes allows any required combination of the width of the box 
with the length of the guide and height of the roller, depending on the conditions for the rolling operation. Short- 
ened guides with rollers 140 mm high are used for rolling high pieces, and longer guides with rollers 80 mm high 


are used in cases when it is necessary tohave the roller as near as possible to the place of deformation in order to 


prevent the back end of the piece from falling. 


On rolling circular and square sections on the finishing stand a special entering guide box (Fig. 3) is fitted 
which permits the turning of the rolled piece around the axis of rolling. For this end, in the design shown in Fig. 
3, a turning insert (2) and guides at the end of the guides, are provided, Turning and fixing of the insert (2) is 
brought about by means of bolts (12) and flat springs (9). Cooling of rollers is effected by the stream of water from 
the tube(10), and the bearings of the roller are lubricated with oil delivered at regular intervals through the hole in the 


center of the roller. 
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rolling of circular and square sections: 


inserts; 15) axle key; 16) axle fastener. 


Fig. 3. Entering roller guide box on finishing stand for 


1) guide box frame; 2) rotating insert; 3 and 4) right 
= and left guards; 5) pin; 6) grooved rollers; 7) axle 
of the roller; 8) guiding insertion piece; 9) flat 
spring; 10) tube for roller cooling; 11) connecting 
pipe for lubricant; 12) adjusting bolts of the guards; 
13) bearing ball; 14) adjusting bolts of rotating 
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Fig. 4. Standard delivery roller box for 
rolling of sections 70-140 mm wide: 

1) box body; 2) right and left guards; 
3) detachable joint; 4) guard fastening; 
5) roller; 6) supporting bars for guides; 


1) top guide; 8) flat spring; 9) pressure 
nut; 10) adjusting bolts. 
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c 
Fig. 5. Two versions of working parts mounted at the end of the guards; 


a) roller on roller bearings; b) roller on textolite bearings; c) wear- 
resisting insertion piece. 
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At the same degree of compression of the rolled piece by the working pats of the housing, the force resist- 
ing the entry of the piece into the rolls is 30-50 times less when the rollers are employed than in the case of fric- 
tional sliding housing. This fact allows the complete elimination of manual labor required for the opening of the 
passes on the entry of the piece, as was previously the practice when circular sections were rolled. The use of 
entering equipment with rollers in the mills where the rolled pieces are manually charged into the rolls consider 
ably facilitates the work of mill operators. The life of the working parts of the equipment with rollers exceeds 
the life of the working part of frictional equipment by a factor of 7-10. 


DELIVERY EQUIPMENT 


The delivery equipment (Fig. 4) consists of two guides (2) with rollers, mounted in an open box. Bars which 
support the upper and lower guides are fitted into the openings in the box and in the guards; the upper guide is 
counterbalanced by means of a load-type device. 


The adjustment of the distance between the guards, necessary in the case of rolling slabs of various widths, 
is effected by means of bolts (10) which allow any setting of the guard. The required rigidity of the guards is ob- 
tained by varying the force of the spring (8) on turning the nut (9). 


The use of entering and delivery equipment with rollers makes possible the control of the width of the rolled 
piece by effecting small(2-5 mm) reductions, with the rollers, of local spreading of the piece. The control of 
the width of the front end of the rolled piece in the rollers of the delivery equipment, in conjunction with the use 
of the entering equipment with rollers, results in a considerable reduction in jamming during rolling. The construc- 
tion of the roller housing is adequately strong for such cases. For the prevention of twisting of the piece after leav- 
ing the pass, a special roller delivery equipment is used. The installation of such an apparatus on the finishing 
stand of the heavy-section mill 500 made possible a complete elimination of faulty production caused by twist- 
ing and a reduction in the time of stand adjustment on rolling square sections. 


The principle, well justified in operation, of separating the parts which are adjusted in the course of oper- 
ation from the fastening elements, has been applied in the design of the entering and delivery equipment. Such 
a construction allows a speeding-up and a simplification of equipment adjustments during the actual rolling process. 
On changing the pass, the guide box is moved along the roll barrel without affecting the setting of working parts. 


The absence of wooden crossbars in the roller equipment described ensures reliable adjustment. 


Smooth rollers, mounted on conical roller bearings (Fig. 5, a), are used on rolling the majority of the sec- 
tions on the finishing stands. In that case the lubrication of the bearings with heavy lubricant is necessary at re- 
gular intervals, the access of water and scale to the frictional surfaces, even in the case of the absence of any 
sealing, being thus prevented. High impact loads taken by the housing of the finishing and semi-finishing stands 
of the mills where the rolling speed is more than 6-6.5 m/sec frequently impair the reliable working of roller bear- 
ings. In such cases very good results are attained with the use of bearings from good quality textolite (Fig. 5, b). 


The rollers were usually made of hardened high-alloy steel as well as of chilled or chrome cast iron. It is, 


however, more expedient to make rollers from ordinary machine steel and subsequently to plate their working sur- 
faces with wear-resistant alloys. 


For the entering equipment of primary stands it is economically advantageous under specific conditions to 
use special.insertion pieces (Fig. 5, b) made of high-chromium cast iron and mounted in the place of rollers. 
Such an apparatus requires less attention from the operating personnel and its disadvantages are less pronounced 
on primary than on finishing and semi-finishing stands. 


EXPERIENCE ON AUTOMATIC PLATING OF SHEET-ROLLING ROLLS 


S. Ia. Shekhter and V. P. Gorelov 


Voroshilov Metallurgical Works 


A steel roll for plate rolling should have a strong and adequately plastic core and a very hard and thermally 
stable surface layer. The roll acquires these properties after being plated with powder wire PP3Kh2V8 according 
to the method developed by E. O. Paton Electro-Welding Institute. The adoption of this method allows a repeated 
reconditioning of the working surface of the rolls and a reduction in the consumption of expensive and scarce rolls. 


The reconditioning of plate -rolling steel rolls 
of large dimenstions by automatic plating was intro- 
duced for the first time in the Soviet Union at the 
Voroshilov Works, with an active participation of the 
E, O, Paton Electro-Welding Institute of the Academy 
of Sciences, USSR and the VNIJOchermet. 


The 750-mm diameter working rolls of the 
four-high finishing stand of mill 2800, made of steel 
60KhG and 60KhN are reconditioned by plating. The 
rolls are plated on a specially equipped roll lathe 
1827C (Fig. 1) with the height of the centers — 1000 
mm, and the center-to-center distance — 6500 mm. 


Rolls of up to 1500 mm diameter and up to 50 
ton weight can be plated on this machine. 


In order to ensure the required minimum speed, 
the lathe is provided with an additional reduction 
gear and a motor of 4.5 kw. The tailstock of the lathe 
has a strong spring which compensates for the axial 
elongation of the roll on heating. 


Two A-384 plating machines move together 
with the support of the lathe, the worked piece mov- 
ing simultaneously. 


Prior to plating the roll is subjected to induc- 
tion heating on a stand in three inductors (Fig. 2) 
supplied with industrial frequency current of 220-380 v. 
The induction coils are made of uncovered copper 
Fig. 1. Equipment for roll plating. tubing cooled by circulating water and provided with 

magnetic conductors made up of plates of transformer 

iron. The inductors are set on bogies moved on rails, the arrangement being very convenient for the mounting 

and dismantling of the roll from the stand. 


The plating machines are supplied with 34-36 v, 300-350 amp direct current of reverse polarity (plus on 
the electrode) and are provided with PS-300 welding converters, coupled in parallel for each machine. 


Powder wire PP3Kh2V8 of 3.6 mm diameter is used as the electrodes; it is atubing, rolled from low-car- 
bon steel strip, with a compressed core consisting of a mixture of ground ferroalloys (ferrochrome, ferrovanadium, 
ferromanganese, ferrotungsten, iron powder, graphite, and sodium fluosilicate). The tubing isgubjected to draw- 
ing after being filled with the ferroalloys. 


AN-20, low-silicon flux without manganese, is employed. 


Usually, the rolls which after several machinings have the minimum diameter are reconditioned. 


The roll, cleaned of oil, dirt and rust, is heated in the inductors to 370-380° C for 7-8 hrs with the object 
of preventing cragks in the plated layer. The temperature of heating is controlled with thermopencil according 
to the change of color of the dab on the surface of the heated roll (pigment — nickel carbonate, binding — pa- 
raffin). 


On the second and subsequent platings the rolls are polished, prior to heating, until the cracks and the net 
of thermal fissures are completely removed. 


The heated roll is set between the centers of 
the lathe and is plated. The temperature of heating 
in the zone of plating is maintained by a fourth in- 
ductor, mounted on the lathe and moving together 
with, and in front of the plating machines. The plat- 
ing is made in two layers by one passage of two plat- 
ing machines-ona spiral line. 


Operating conditions of the plating are as 
follows: 


Speed of the roll of 750 mm diameter, rpm . . 

Pitch of plating mm/rev............... 5.85 
Speed of electrode wire m/hr ........... 73-95 
Consumption of plating metal kg/hr ...... 10-13 


The time for plating one layer is determined 


from the formulas 


L — length of roll barrel, equal to 2800 mm 
S — pitch of plating, equal to 5.85 mm/ rev 
n-— number of revolutions per min, equal to 0.3 


Hence, the time for plating of one layer is approximately 27 hours. 


The distance between the electrodes of the two plating machines is 275 mm; therefore on plating two layers 


275 
9800 100 = 10% and is 


the time increases by 


27+ 0.1 ° 27 8 30 hrs 


Taking into account the time for auxiliary operations (mounting and removal of the roll, change of plating 
wire, heating, and so on) the length of time for plating one roll with two layers by two machines amounts approx- 


imately to 40 hrs (5 shifts), Approximately 300 kg of electrode wire and 330 kg of flux is used for two-layer plat- 
ing of one roll. 


The displacement of the electrode by 20-40 mm downward from the top of the roll provides favorable con- 
ditions for the formation of the roll, The thickness of one layer, welded-on under the above operating conditions 
is 2.6mm; hence, after plating, the diameter of the roll is increased by 10.4 mm. 


The plated roll is subjected to thermal treatment: it is heated in the inductors to 380-400° C and subse- 
quently cooled slowly and uniformly in a heated container, and then tempered, After tempering, the roll is po- 
lished for 10 hrs with electro-corundum bakelite bound grinding discs of 780 mm diameter and grain size 46. 
Plated roll operation on rolling 8 mm thick steel plate showed that: 


1) the average length of time of roll working between twomachinings (grindings) has doubled (16 hours 
instead of 8 for nonplated rolls); 


2) the wear of plated layer in that time is 2.3 times less than the wear of nonplated roll ; 
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8) as a result of the high hardness of the plated layer (450-500 Hp), the wear of the working surface of the 
rolls is reduced and it is possible to change to rolling wider plates without roll changing. 


In the course of mastering the plating of the finishing plate-rolling rolls, several difficulties became appar- 


ent which stood in the way of making use of all advantages of the roll plating and which reduced the effectiveness 
of the increased durability of the plated layer. 


Roll changing every 16hoursis carried out because of a deterioration in the surface of the plate; but accord- 
ing to the permissible wear of the plated rolls, they can be operated for not less than 4-5 shifts. The life of the 
roll till it is completely worn out can be more than doubled. 


A considerable disadvantage is the crumbling-out of the surface layer at the edges of the roll barrel com- 
mencing after 140-160 hours of roll working. 


The cause of this crumbling out is obviously fatigue stresses appearing at the ends of the roll barrel in the 
places of contact of the backing roll with the working roll (the rolls are convex). 


A second disadvantage, found in operating with plated rolls, is the striation of the roll surface which leaves 
a corresponding impression on the plate after 16-20 hr operation. The striated plate is not considered a faulty 


product but the striation cannot be permitted in a case when high requirements with regard to surface finish are 
made. 


Investigations showed that the striation is bound with the nonuniform hardness of the welded-on fillet in 
its cross section: in the places where two consecutive welds meet, the hardness is 3-4 Re lower than on the top of 
the plated-on fillet. The structure of the metal in these places is also different from the structure on the top of 
the fillet. 


The phenomenon of striation is not yet fully studied, but it could be said with confidence that the reduction 
of the pitch of the plated fillet from 8.12 to 5.8 mm/ rev, and quite recently to 2.9 mm/ rev, markedly decreases 
the appearance of boundaries on the roll surface. 


The striation is less apparent on the upper layer. Hence the conclusion can be drawn that the upper layer, 
not subjected to thermal influence of a subsequent layer, operates under better conditions. 


The rolls, plated at a small pitch (2.9 mm/ rev) and with an enhanced second layer have been, in fact, found 
better in operation. 


In spite of the above-mentioned shortcomings, the economical advantage of the adoption of roll plating is 
very considerable. 


Prior to the introduction of roll plating, forged rolls made of steels 60KhG and 60KhN and supplied by NKMZ®* 
and UZTM* ‘were used on the four-high stand of mill 2800. The cost of such a roll was 50,000 rubles, up to 100 
rolls being used annually. It was possible to roll about 20,000 tons of steel plate till the complete wear-out of the 
roll, and up to 2 hours per day were spent on roll changing in every shift. After every 8 hrs of operation the rolls 
were polished and the profile restored, and after 13-14 regrindings, when a limiting small diameter was reached, 
they were rendered useless. 


On the adoption of roll plating the demand for roll decreased rapidly, the mill operation improved, stoppages 
for roll changing were reduced, and less demand was made on the roll grinding machines. At present the mill 
operates almost exclusively with old rolls reconditioned by plating. 


The Works is in a position to have the rolls, reconditioned by plating and of the same operating capacity as 
the new ones, at a cost of 7000 rubles, compared with 50,000 rubles for a new roll. 


The mean annual saving at the Works on introducing plated rolls amounts to 4.6 million rubles on the fini- 
shing stand of mill 2800 alone, and the expenditure on rolls, evaluated on the basis of rolled plate, decreased by 
a factor of 8.5. 


In recent times, roughing rolls on the two-high stand of mill 2800 were reconditioned by plating with powder 
wire PP8Kh2V8, the result being that in one setting of the rolls 75000 tons of steel plate was rolled compared with 
15000 tons, rolled with nonplated rolls. 


* Novo-Kramatorskii Heavy Machinery Plant. 
** Ural Heavy Machinery Plant. 
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A MACHINE FOR CLEANING TIN PLATE 


M. I. Udovenko 


Mechanic at the Tin Plate Plant of the “Zaporozhstal™ Works 


The production of tin plate in coils by the hot dip process was im1toduced at the Zaporozhstal Works for the 
first time in our country; previously, hot dipped tin plate for the canning industry in the USSR was made only in 
sheets. Whenthetinplate plant at our works was designed and constructed, the problems of mechanization were 
not fully taken into consideration. 


Because of the lack of mechanical cleaning of the strip on hot dip tinning machines, the cleaning was done 
manually, 350 workers being employed on this operation. 


The assembled cleaning equipment consists of 
welded construction metal boxes in which a bran blade 
mixer (1) (Fig. 1) driven by an asynchronous motor 
(2) of 0.8 kw through a reducing gear (3), rotates. The 
mixer makes 6-10 revolutions per minute, Inside the 
box there are plates (4) covered with felt. After leav- 
ing the box, the strip passes between rollers and plates 
(5), also covered with felt, and goes to the receiving 


drum (6), 


As a result of the passage of the strip through 
the box with the bran and the repeated rubbing with 
Fig. 1. Diagram of cleaning equipment. felt, most of the cottonseed oil which remains after 
plating, is removed, Since there is, however, consi- 
derable friction against the felt, some tin from the tin layer is wom away, and a finely dispersed tin powder re- 
mains in the cottonseed oil. This mixture remains on the strip in the form of a green film which has to be cleaned 
manually with sheepskins. 


The first attempt to mechanize this operation was made as early as December, 1951. The Zaporozhe Branch 
of Gipromez designed, and the repair and mechanical works executed, washing machines which were placed in 
front of the existing cleaning equipment for the removal of oil from the strips by means of alkali solution. 


The washing machines proved to be ineffective; the green film on the strip remained as before and as a 
result of numerous bendings of the strip on its passage through the machine, there were frequent breaks of the strip, 


Subsequently another eight different washing-cleaning machines and a roller cleaning machine with bran 
were tested. 


Several modifications in the machines were carried out in the course of testing but no machine gave satis- 
factory service, 


In the multi-roller cleaning machine the strip was cleaned by rollers rotating at a speed different from the 
speed of the strip itself. When separate sheets were cleaned, the displaced sheet does not enter the guides or 
working parts of rolls, but passes freely in the position into which it has been displaced (Fig. 2, a). When the 
strip is rolled and is displaced from the direction of its movement, the edges of the strip pass over the guides or 
encounter the bearings of the rolls (Fig. 2, b) and a faulty product results, 


Because of the continuous passage of the strip the rolls cannot be cleaned with the solution or the bran, The 
adjustment of several roll couples becomes extremely difficult; any deviation from parallel setting causes a 


displacement of the strip, an irregular coiling, and hence creasing and distortion of the edges during the tilting 
of the coils. 
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Fig. 2. Diagram of the movement of sheets Fig. 3. Longitudinal section through the cleaning 
and strip in the multiple -roller cleaning machine. machine, 


Moveover, it is necessary to set up a considerable tension in order to ensure a smooth and tight coiling of 
the strip. It is not always satisfactorily attained by the use of tightening plates or wedges; the wear-out of the 
tin layer takes place, and the green film appears on the strip. 


In the cleaning -washing machines which have a large number of rollers, at various levels, the strip is subjected 
to numerous bendings, which cause fractures of the strip, After the washing a thorough drying of the strip is neces- 


sary in order to remove the moisture, even from the pores. This is yet another disadvantage in the use of these 
machines, 


I have designed a cleaning machine which is free of all the previously mentioned disadvantages, It ensures 
the necessary surface cleaning and the required tension for smooth and tight coiling of the strip. 


The cleaning of the oil from the strip and the removal of the green film from the surface are achieved in 
the cleaning machine by means of felt-covered segments which grab and move the bran along the lower and upper 
surface of the strip. The segments are situated one after the other above and below the moving strip and are fixed 
by a link in carriages which are given a reciprocal motion through a connecting rod attached to the carriages. 


Two carriages (2) are mounted on the frame (1) of the machine (Fig. 3) and in each carriage there are two 
moving segments (3) covered with felt and fixed on links. 


The carriages (2) are connected by connecting rods (5), (6), (7) with the crankshaft (8) of the machine and 
perform a reciprocating motion, 


The required tension in the strip (4) before cleaning is achieved by means of wedges (9) which press the strip 


against the felt-covered plates (10). The bran is received from bunkers (11), (12), to which it is delivered by an 
elevator, 


The principle involved in the cleaning of oil from the strip in the proposed machine is based on the recipro- 
cating movement of the segments (3). On each movement of the carriages (2), the segments (3), when in the ex- 
treme position, are caused by the connecting rod and the checking device to effect a small turn, thus ensuring the 
grabbing of the bran and its pushing along the strip. 


The cleaning machines of the above design have been made and installed at sometin plate plants at the 
works. 


Work is being carried out at present on the cleaning of tinplate in boxes with blade-mixers of simpler construction 
than the machine described by M. I. Udovenko, other materials instead of bran being employed for cleaning. 


Editor . 
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ADJUSTMENT OF CONTINUOUS TUBE-WELDING MILLS 


Iu. A. Mednikov 
Plant Deputy Head at the Cheliabinsk Tube Works 


A good quality tubing, made by a continuous butt-welding process, can be obtained by systematic and cor- 
rect adjustment of the units of the continuous tube mill, i.e., adjustment of the stands with respect to the axis of 
ther rolled piece, adjustment of the first forming pass with respect to all the remaining passes, and adjustment of 
the equipment for cooling and cleaning the roll and of the guiding and blowing nozzles. 


In the adjustment of the stands with respect to the axis of the rolled piece the position of the second weld- 
ing pass and all the subsequent passes is chosen in which the center lines of the passes coincide with the axis of 
the rolled piece, The most accurate adjustment is made with string and level, A good adjustment can be ob- 
tained with a round straightened tubing. 


More accurate adjustment can be attained by adjusting, at first, all the initial (in the rolling operation) and 
all the lower rolls, and then by adapting the remaining ones accordingly. The adjustment of the mill by setting 


each pair of rolls separately is less precise but allows a considerable time savings. 


Fig. 1. Diagram showing the displacement of the first 
shaping pass with respect to the axis of the mill. 


A right position of the first pass with respect to the second is very important for the adjustment of the shap- 
ing equipment. Since the skelp is not fully folded in the first shaping couple, the first pair of rolls is displaced 


vertically downwards with respect to other passes with the object of obtaining a better shaping and a uniform ap- 
proach of the edges to each other. 


According to literature this displacement between the center lines should constitute 10 to 20 mm. In prac- 
tice 5 to 12 mm displacement was established. Measurements of the samples of the skelp, stopped in the course 
of bending, showed that the bending of the skelp proceeds in such a manner that the cross sections of the shape 
represent a series of arcs of various radii. The centers of gravity of the arcs, formed by the skelp in any cross 
section of the shape, lie on one axis, the axis of shaping which, in this case coincides with the axis of the rolled 
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piece. It follows that the first and second passes should be positioned in such a manner as to have the centers of 
gravity of the cross sectional arcs of the skelp lying on one line (Fig. 1). 


In the second pass the centers of gravity of the arcs will lie in the center of the pass, since the skelp is then 
fully bent into a circular shape. The centers of gravity of the skelparcs in the first pass will be at a distance 
sin a 
Ry ae from the center of the pass, for they lie on the bisector of the angle 20. It follows that for the setting 


of the arc centers on one axis it is necessary to displace vertically the first pass with respect to the other through 
sin 
a 
If the skelp in the first pass is bent through an angle of 270°, the displacement will be; 


a distance e = Ry 


V 
2 


3/40 


4 
where R is the radius of the first shaping pass. 
In practice this displacement e (Fig. 1) is maintained by setting the top of the first pass at a distance A= 


= 0.5 to 1 mm higher than the top of the second pass and the setting is checked by tightening a straight tube to 
the top of the second pass, In this case the displacement is 


e = Ry—(R,+ 0.51) mm, 
where R, is the radius of the second pass. 
The displacement calculated by either formula is the same. 


On adjusting the air blast nozzles it is necessary to attain a uniform air stream on both edges of the skelp. 
This assists in a uniform heating and cleaning of the edges. An important condition in the adjustment of the first 


side nozzles, supplying low-pressure air to the edges, is the symmetrical setting of the nozzles with respect to the 
axis of the skelp. 


It was established by experience that the side nozzles should be set at the distance from each other equal to 


L= B+ (50-70) mm, 
where B is the width of the skelp. 
The distance between the nozzles and the axis of the rolled piece will then be; 
+ (25-35) mm. 
The following cases of a faulty setting of the nozzles occur frequently: 1) unequal distance of the nozzles from 


the center line of the skelp; 2) one nozzle set above and the other below the line of the movement of the skelp; 
3) both nozzles either above or below the axis of the skelp movement. 


As a result of nonuniform pulling of the strip in the furnace at high speeds, the strip sometimes gets out of 
the air jets of the air-blowing nozzles. Setting of the nozzles obliquely at the angle of 45° eliminates this fault 
but causes a reduction in the amount of air blown onto the edges. 


At some mills screened jet nozzles are used for this purpose. 


The adjustment of the nozzle, situated between the shaping and the welding passes, should be more accurate 
than the adjustment of the side nozzles. 


_For shaping of tubes from skelp less than 150 mm wide, a nozzle made of 1/2 inch diameter tubing intended 
only for high-pressure air for a stronger welding is employed. The nozzle should be positioned in such a way that 
the air will impinge on the edges just before they join. Generally the nozzle is set accurately along the horizontal 
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axis of the rolled piece. The setting is checked by the position of the nozzle with respect to one-half of the weld- 
ing pass. The exit end of the nozzle should be vertically below the bottom of the welding pass. 


Of special importance in the adjustment of the 
blowing equipment is the adjustment of the blowing 
nozzle which also has the function of a guide blade 
in shaping tubes from the skelp more than 150 mm 
wide. It is necessary to have the nipple of the nozzle 
always directed into the butt. On tube shaping in con- 
tinuously revolving rolls, the contact between the 
edges takes place not in the center of the final shap- 
ing pass, but at a certain distance in front of it, and 
the length of the section from the center of the weld- 
ing pass to the point where the two edges meet de- 
pends on the diameter d of the tube being formed, 
the diameter D of the forming roll, the width B, and 
the thickness t of the skelp (Fig. 2). 


The dependence can be expressed by the for- 
mulas 


AQ—A), 


where ly is the distance from the center of the weld- 


Fig. 2. Convergence of the edges into the ing pass to the junctions 
butt joint . 


The adjustment of the cooling system is simply to ensure an adequate flow of water onto the rolls. This is 
achieved by installing water nozzles with nipples which provide for the distribution of water over the whole width 
of the pass. Furthermore the first and the second pair of rolls should get more water than the remaining rolls. It 
is desirable to have two types of nozzles; cooling nozzles with wide orifices allowing the spraying with water of 
the whole pass, and narrow nozzles, for water or steam, providing a powerful jet for clearing the roll passes from 
adhering particles of slag and scale. 


The rear roll of the first pair and the lower roll of the second pair should be subjected to a particularly 
thorough cleaning and cooling. 


When there is a strong tendency for adherence of scale and slag, scraper cleaning is necessary. 
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FROM THE HISTORY OF TECHNOLOGY 
THE PETROVSK WORKS 


Last year the Petrovsk Metallurgical Works in Dnepropetrovsk celebrated its seventieth birthday. On May 
22, 1887, the official celebration of the completion of the works, then called the Brianskii Works, took place, 
and on September 11, the first blast furnace of 196 cu m working volume was blown inand the first batch of pig 
iron obtained, In June of the following year the second blast furnace of the same volume was blown in. Because 
of the absence of steel-processing plants in the first period, the blast furnaces were employed only for the pro- 
duction of casting pig iron. Later on an iron-working shop with puddling and rolling sections, two more blast 
furnaces, and a rail-rolling plant were built. 


The shell of the blast furnace was riveted and made of plate iron. The furnace rested on six cast iron co- 
lumns. The blast furnace gas was recovered. The furnaces were provided with three Cowper stoves and three 
steam-driven, direct-action air blowers. 


Only cast pig iron was made. White iron was obtained only in the case of an irregular furnace operation. 
The foremen in the blast furnace plant were French. 


In 1889 four open-hearth furnaces were put into operation; three produced soft steel and one, hard steel. 
The charge being 450 puds (about 7 tons), the heat lasted 4.5-5 hrs when liquid metal was employed and 8-9 hrs 
if cold charge was used. Daily output of each furnace constituted 1800 puds. When the open-hearth furnaces 
were put into operation, steelmaking in the puddling section was discontinued. 


In 1891 the Bessemer section, with two conver- 
ters of 600 puds capacity each and 20,000 puds daily 
Output, was started. 


In 1895 the first 100-ton mixer in Russia for 
blending liquid metal was built at the works; the me- 
tal from the mixer was delivered to the Bessemer 
converters. 


At the end of the 1890's, electric power stations, 
which were then considered large, were built at the 
Brianskii Works and electric power was widely em- 
ployed in production processes. Thus in May, 1908, 
the first rolling mill was converted to electric drive, 
and by 1913 the electrification of all the drives of the 


rolling mills and of the auxilliary machinery was com- 
General view of the Brianskii Works (1900) . pleted. 


Not long before the Revolution the blast furnaces of the Brianskii Works were equipped with inclined eleva- 
tors and charging machinery of Eng. N. N. Gogotskii's design. This equipment is still operating satisfactorily. 


In the 1890's a bridge plant was erected at the Brianskii Works, and in 1912-1914 a new plant, designed for 
annual production of 16,000 tons of bridges and steel constructions was built in place of the old one. 


By 1914 the Brianskii Works was one of the largest metallurgical establishments in Russia: it was first in 


pit iron output and second in steel and rolled product output. In 1914 the Works produced 327,000 tons of steel 
and 260,800 tons of rolled product. 
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In 1914 there were five blast furnaces of 2386 cu m total working volume already operating at the Works 
and the sixth one was blown in. The largest furnace of 550 cu m produced 370-425 tons of pig iron daily. 


The Bessemer plant had three converters of 12 tons each; the open-hearth furnace plant had four furnaces 
of 30-tons capacity and three of 45-50 tons; in 1914, the eighth furnace was put into operation . 


In the rolling plants the following mills were operating: roughing, steel-structural, universal, plate (Laut), 
thin sheet, heavy section, medium section, two light-section, and wire -drawing. 


In 1913-1915 the Brianskii Works achieved results in productivity which were high for that time: metal con- 
sumption per pud of rolled product was 2.15 puds, and 1.7 puds of material per pud of accepted product was used. 


8879 men were employed at the Works, 1194 out of this number in the blast furnace plant and 1543 in the 
rolling and melting plants. No safety equipment was employed at the Works, apart from some railings and a few 
simple fixtures. 


The workers lived in shanties under difficult and unhygienic conditions. 


The history of the Brianskii Works is rich in notable events. Here, the eminent Russian blast furnace worker 
M. K. Kurako started to work as a roller. In 1894 the head of the open-hearth plant Iu. M. Gorianov in collabora- 
tion with his brother A. M. Gorianov carried outsuccessful experiments on the open-hearth ore process, the experi- 
ments resulting in the establishment of the ore and liquid pig iron process which, in principle, is in use at present. 
In 1908 the eleetric furnace for steelmaking of V. P. Izhevskii type was successfully tested. 


The workers of the Brianskii Works took active part in the revolutionary movement. They participated in 
the general strike in August, 1903, when a conflict with the police took place. In 1905 a strike was started at the 
Works and lasted from January 19 to January 24. In June, 1905, the strikers demanded an 8-hr working day and 


Blast furnace plant of the Petrovsk Works. 
(TASS Pictorial Review) 
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state insurance at the expense of employers, a 20 % wage increase, and so on. These demands were partly met. 
Another strike wave occurred in October-December, 1905. 


The oustanding revolutionaries, I. V. Babushkin and G, I. Petrovskii were employed in the bridge plant of 
the Works and took an active part in the revolutionary movement. 


During the Civil War the Brianskii Works was shut downs its reconstruction began in 1920, in 1922 the Works 
started production; and in 1925 its output exceeded the pre-war level. 


In 1926 the Works was given the name of Grigorii Ivanovich Petrovskii. 


During the years of the first Five-Year Plans the output of the Works increased on account of the improve- 
ment and modernization of existing equipment and the introduction of new units. 


In 1926 the Works had eight open-hearth furnaces; four furnaces of 140-ton total capacity and the remain- 
ing ones of 160-ton. The charge was loaded into the furnace by means of two charging machines of 25-ton capa- 
city, molten pig iron was charged from the side of tapping spout by means of 70-ton overhead cranes which were 
also used for steel pouring. The tapping spout was served by two 15-ton cranes. | 


In 1926 open-hearth furnace No, 9 was put into operation; it was the first furnace in the open-hearth plant 
in which recent technical advances were incorporated. In 1930 a 100-ton open-hearth furnace began operation 
in the new plant. 


During the same period substantial work on the rebuilding and modernization of the plants — considerable 
expansion of air-blowing and electric power capacities of the Works, mechanization of heavy and labor-consum- 
ing operations, and improvement of safety arrangements — were carried out. 


In 1940 the pig iron output at the Works was 2.1 times that of 1913; the corresponding figures for steel out- 
out and rolled product output was 2.4 and 2.6 respectively. 


The technical level rose markedly. In 1932 the first homemade pig iron casting machine was built at the 
Works with local resources, 


In 1940 on the initiative of the Director of the Works I. I. Korobov the operation of the blast furnace at an 
increased top gas pressure was put into practice for the first time in the USSR and in the world. 


The Central Laboratory of the Works assisted a great deal in mastering the production of a number of new 
grade steels (structural, chromium-copper, manganese ~copper, structural copper steels and technically pure iron). 


With a direct participation of the Laboratory several new methods of thermal treatment, including the sorbi- 
tization of rails, were introduced at the Works; the first homemade machine for the above process was built and 
put into operation. 


In 1934 the rolling of the car wheel of a very complex section was introduced. At present the Works manu- 
factures car wheels of various dimensions for the Gorki and Yaroslav car factories. 


The production of rails for the Moscow subway was started in 1937, thus making it possible to discontinue 
the import of these products from abroad. 


In the pre-war years the charging and discharging operations and heavy and labor-consuming processes were 
substantially mechanized at the Petrovsk Works. In particular, the opening of the tapping hole of the blast furnaces 
by means of compressed air was introduced. 


During the German occupation of Dnepropetrovsk, the plants of the Works were extensively damaged. Re- 
construction work started at the end of 1943. In the next year one blast furnace was blown~in, and three open-hearth 
furnaces and two rolling mills were put into operation. Only two out of five blast furnaces, six out of ten open- 
hearth furnaces, and three out of nine rolling mills could be restored. 


In 1950 new Bessemer and rail-structural plants and in 1954 a wire-drawing mill were put into operation. 


In 1952 an air stove with a removable combustion chamber, designed by engineers Oleinikov and Kotov, was 
put into operation. Three such stoves are at present in operation at the Works. 


New methods of blast furnace operation control, including the recording of the static pressure of the gas at 
four levels in the furnace by means of self-recording manometers, were introduced. 
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Since 1949 chrome magnesite roofs for the open-hearth furnaces were gradually adopted, resulting in a 20% 
steel output increase. In the same year in the refractory plant of the Works, the production of a heat-resistant re- 
fractory was organized and the Works, the first in the USSR to do so, converted all of its open-hearth furnaces to 
roofs and slag pockets built of basic refractories. 


In 1956, the Bessemer plant of the Petrovsk Works, the first plant in the USSR to do so, changed fully to 


operating with oxygen supplied from a large new oxygen plant. The converters had to be rebuilt and re-equipped 
for the new process. 


Since 1946 the Petrovsk Works has mastered the rolling of periodic shapes, the first works in the USSR to do 
so, At present the Works manufactures more than 30,000 tons of rolled products of 15 different periodic shapes, 
including parts for car axles, crank and distribution shafts and other car parts, 


In 1955 the Works started, for the first time in Europe, the production of periodic section wire rod of 6 mm 
diameter from low-alloy steel. The wire red is designed for reinforced concrete constructions. 


In the post-war years a great deal was done towards mechanization and automation. In the blast furnace 
plant the ore yard was extended, and an ore-grab crane was installed. The operating efficiency of the ore-yard 
operation doubled. The tapping holes in all the blast furnaces are closed by means of electric guns, the work 
of the operators being thus made easier and safer. The closing of the slag notch is also mechanized. The charg- 
ing of two blast furnaces is automated. All blast furnaces have automatically controlled hot blast temperature, 
heating of the air stoves, and humidity of the blast. 


Several operations in the open-hearth plant are also automated. In 1951 with local resources, a machine 
for slag removal from the slag pockets of the open-hearth furnaces was built at the Works. Now this operation is 
carried out in a few hours. Fettling machines of Prof. N. S. Shchirenko's design are satisfactory working in the 
plant, the adoption of the machines resulting in a substantial saving of fettling materials. 


In the rolling plant several heavy operations are mechanized; tilters of Zaichenko's design are installed in 
front of mill 800, The tilters completely eliminate manual labor in this section. Cutting of wire rod and plating 


of steel rolls of the thick plate mill are mechanized, the delivery table rollers and racks are being modernized, 
and saws for cutting hot metal are being added. 


Owing to mechanization and automation, the productivity increased by 89 % from 1950 to 1955. 


Invention and innovation work is encouraged and utilized; in the post-war years the Works made a savings 
of more than 46 million rubles by the adoption of several thousand suggestions. 


A group of veteran workers who were employed for 30 or more years at the 
Works, From left to right: foremen of the plate-rolling plant, F. T. Azarov 

and S. I. Chernodub, foremen of the open-hearth plant, M. V. Grudev and 

B. F. Orlov, foremen of the blast furnace plant, P. I. Egorov and M.N. Novikov 

and rolling-mill operator, D. F. Shchetinin. (TASS Pictorial Review) 
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An extensive program on the improvement of safety and sanitary conditions of work was carried out at the 
Works in the post-war years, Its own hospital, with hydrogen sulphide water ("Works" Matsesta™), has been built 
and there the waste water from the granulation tank of the blast furnace plant is utilized for medical purposes. 


The theatre of the Lenin Place of Culture and Rest at the Works, built before the War, has been reconstructed. 


In its seventy years of existence the Petrovsk Works has traveled along an oustanding and glorious road of 
development and has become a powerful Socialist establishment, richly equipped with modern techniques. 


E. P. Shevchenko 
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OUTSTANDING METALLURGISTS 


HENRY BESSEMER 


The famous English metallurgist Henry Bessemer was born on January 19, 1913, in the small town of Charl- 
ton. His father, a French immigrant, was a skilled carver and metal engraver, Later on, he built a type foundry 
and used to cast printer's type. Little Henry spent a lot of time at his father's factory. 


After finishing primary school, Henry Bessemer decided to learn practical technical work under the super- 
vision of his father, For a year or two he was engaged in mechanic's and turner's work and subsequently began to 
construct various machines on his own. At an early age Bessemer became familiar with printer's metal, and from 
it he cast wheels, pulleys and other parts of machines which he devised. 


In 1830 his father went to London and there established a new type foundry. Henry, then 17 years old, con- 
tinued to work on his inventions. One of his first inventions was a type-casting machine — the forerunner of modern 
linotype — which he patented in 1838, Bessemer developed a method of printing patterns on fabric and designed 
a machine for the manufacture of bronzing powder, used in the printing trade for gold letter printing. This in- 


vention brought Bessemer a substantial profit. The powder made at his factory was 16 times cheaper than the powder 
made by hand. 


The main endeavor in Bessemer's inventions was the replacement of manual work, which was predominant 


in industry at that time, by machines, This explains the success of his inventions. British capitalism would seize 
any idea which suggested an increased productive efficiency. 


From 1843 to 1853, Bessemer took out 27 patents for various inventions. Among them were patents for the 
manufacture of waterproof cloth, lacquers, paints, and water lifting (a centrifugal pump). Bessemer introduced 
various improvements into the railroad industry and worked with tenacityonthe problems of the glass and sugar 
industries, An enormous inventive ability, profound understanding of technology, and an exceptional efficiency 
helped him in designing a press for extracting sugar juice from cane, in devising methods of glass making in the 
reverberatory furnace, and for the production of glass sheets by rolling. 


The diversity of his gifts enabled Bessemer to work in most diverse fields of technology. The lack of general 
technical education did not stand in the way of his inventiveness. He said of himself; “I had no set ideas... 
which would direct and constrain my mind and I did not suffer from that too widespread belief that everything that 
exists is good. Therfore I was able to face a problem in perfect freedom and to consider all arguments for and 


against without any prejudice or bias, and then go boldly in a completely new direction if I considered it necessary." 


Many of Bessemer's inventions had one substantial shortcoming: they were not thought out in full; while 
a professional man would have always looked further ahead and considered all the fine details of the process. 


In 1854 Bessemer devised a bullet to be shot from a smooth-bore gun. The missile was of cylindrical form 


with a pointed end, Its body was grooved and the gun powder gases entered the grooves giving the missile rota - 
tional movement in the barrel. 


Bessemer's invention was acclaimed, But Captain Minie, the inventor of the first rifled gun, said that it 
was still necessary to devise a cannon which could shoot with such heavy missiles (Bessemer's missiles were heavier 
than round shells), This idea prompted the inventor to search for material capable of withstanding high pressures. 
At that time cannons were cast from bronze or pig iron, Bessemer decided that the cannons should be cast from 
ferrous metal. He began with the improvement of iron properties in a puddling furnace and refining hearth, And 
here, quite accidentally, the inventor observed that under the action of the air stream a few pieces of pig iron, 
heated to paste-like consistency, turned to decarbonized iron. An experienced metallurgist would not find it at 
all suprising. But Bessemer was intrigued by the phenomenon, Why was it that although nothing, apart from air, 
entered the furnace, pig iron was converted into carbonless fron ? 


Bessemer melted pig iron in a crucible; introduced 
into the crucible an iron tube and began to blow hot air 
through it. Decarbonized metal was produced in the 
crucible. 


From February to October, 1855, the inventor was 
perfecting this method and on October 17, 1855, applied 
for a patent for the production of steel from liquid pig 
fron by blowing air or steam through it. 


SS 
N a It is apparent from this patent that the inventor 

i if offered a very poor explanation of the mechanism of the 

q a process he invented. In particular, the inventor assumed 

that on blowing air or steam through liquid pig iron, not 

only carbon but also sulphur and other harmful impurities 

are removed. Bessemer does not mention the heating 

up of metal during blasting and the whole object of the 

patent was the mechanization of generally known methods 

of steelmaking. Therefore, the patent of October 17, 

1855, should not be regarded as the beginning of the 

Bessemer process. The patent is rather an exploration 

of a new method of steel production. 


The method was very unsatisfactory, The metal 
very often solidified in the crucible. Bessember had 
still to exert a great deal of effort before he devised the 
method of air blowing from below, through the layer of liquid metal. The first experiment of steel production 
“without fuel” from pig iron was unsuccessful, A huge column of flame burst out of the cylindrical converter and 
then metal and slag began to be thrown out violently. After the blowing, what remained in the converter was 
wrought iron, In such an operation it was very dangerous to approach the converter during the blowing. 


Fig. 1. Bessemer's experimental con- 
verter in London. 


After much research Henry Bessemer constructed a safe converter (Fig. 1). A dome was fitted above the 
working space. Metal and slag thrown out ran down back into the converter. Finished metal was poured through an 
aperture into a mold, the bottom of which was the. piston of a hydraulic press, After the solidification of the 
metal in the mold, the piston was actuated and pushed the ingot out. Bessemer's apparatus was tested and patented 
in May, 1856, arid on August 13 of the same year the inventor gave a lecture in Cheltenham on the new method 
of steel manufacture to a meeting of the Mechanical Section of the British Association for the Advancement of 
Science, The lecture contained many errors (quite understandable when taking into account that Bessemer's know- 
ledge of metallurgy was never good), but the main principle of steel production from pig iron was represented 
correctly, The inventor, in the presentation of his method, observed that the pig iron in the converter is trans- 
formed into steel without the use of fuel and is heated by the combustion of carbon and silicon. 


English iron and steel manufacturers became interested in the new steelmaking method, which promised 
immense possibilities of development, The case in point was the development of railroad transport and machine 
building which required large quantities of inexpensive steel and the Bessemer process could provide for the needs 
of these industries, But during tests carried out at works, the shortcomings of the process, first of all the impossi- 
bility of phosphorus and sulphur removal, became apparent. In his laboratory experiments Bessemer was using 
pig iron which had a small amount of these elements, but in industrial pig iron the phsophorus and sulphur con- 
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tent was high. Hence Bessemer steel was of poor quality. The second substantial disadvantage was the poor dura- 


bility of converters, which had to be relined after every third blowing. Metallurgists were dissatisfied with the 


considerable loss of metal in the converter. 


Several steel manufacturers who bought the rights of the converter process from Bessemer were already re - 
gretting it, considering that they had just wasted their money. But the inventor was not discouraged by these fail - 
ures. He built a works in Sheffield and began to manufacture steel by his own method. At the works, Swedish low- 
phosphorus ores and subsequently — when Bessemer found low “phosphorus ores in England ~~ English ones were pro- 
cessed. Sulfur was removed from metal by the addition of ferromanganese orspiegeleisen. The additions were also 
fulfilling another functions they deoxidized steel. The converter metal contained a great deal of ferrous oxide 

and the addition of manganese-containing materials promoted oxygen removal. The design of the converter was 


very similar to the modern one (Fig. 2). 


Bessemer steel gradually acquired a wide reputation. In 1858 industrialist John Brown installed two converters 
of 2.5-3 ton capacity each in Sheffield. The converters were rotated by means of a cog wheel with a hydraulic 
drive. The steel-receiving ladie was mounted on the arm of a hydraulic press, and it could be set at various le- 
vels. Steel was cast into molds standing on cars. 


On March 1, 1860, Bessemer took out a patent for a revolving converter, whose design was not basically 
different from a modern one, 


Bessemer achieved success, His method began to be widely used inEurope and later on in America. Henry 


Bessemer became Sir Henry Bessemer, English knight and baronet. Money and honors came to this inventor, who 
was unknown until this time. 


Bessemer's lecture of August 13, 1856, was published in several editions, including one in the Russian "Min- 
ing Journal,” 


Fig. 2. Bessemer plant in Sheffield: 
left — pouring into ladle; right casting steel into molds. 


The Bessemer process experiments in Russia were commenced as early as 1856 at the Kushvinsk, Nizhne- 
-Iset, and Sysert Works and later on at the Vsevolodovilvensk Works, However, Russian metallurgists noted some 
unsatisfactory properties of the metal, in particular, hot-brittleness caused by the presence of sulfur and a large 
content of ferrous oxide, Manganese was successfully used for combatting hot-brittleness. Industrial-scale Besse - 
mer plants were put into operation at the Obukhov Works in 1872 and at the Nizhne-Saldinsk Works in 1875. 


The introduction of the Bessemer process at the Obukhov Works was supervised by D. K. Chemov, who dis- 
cussed the process in his lecture "Material on the Studies of the Bessemer Process.” D. K. Chernov first took notice 
of the temperature of the metal under blowing and proposed to blow pig iron of low silicon content and at high 
temperature ("Russian bessemerizing"). K. P. Polenov came to the same conclusions by experiments at the Nizhne- 


~Saldinsk Works. Theoretical justification of the Russian bessemerizing was given later, in 1889, by V. E. Grum- 
Grzhimailo. 
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However, the invention of the Bessemer converter did not solve the problem of processing phosphorus-con - 
taining pig iron. Not until 1878, did an English chemist, Sidney Thomas, find a method of processing high phos- 


phorus pig iron in the converter. He introduced the basic brick lining — dolomite and clay — for converters. In 
this process phosphorus-free metal and so-called "Thomas slag," which can be utilized as a fertilizer are obtained. 


Bessemer indicated, in one of his patents, that the combustion of silicon and carbon takes place on account 
of oxygen in the air. While the inventor was still alive, the Swedish scientist Ockerman suggested using oxygen 
instead of air in the converter. This idea was supported and further developed by D, K, Chernov, However, at 
that time the production of technically pure oxygen was not yet mastered. Later on scientists and industrialists 
attempted to use oxygen for blowing pig iron, but they encountered extensive damage of the bottom of the con- 
verter. Only in recent years has the method of »lowing pig iron with oxygen from above in a blind-bottom con- 


verter been invented. This method has considerable prospects. 


During the last years of his long life (Henry Bessemer died on March 15, 1898) the inventor left metallurgy 
and worked on various inventions: he tried to design a ship with a cabin which would be free from rolling, then 


a telescope of an enormous diameter, These attempts were unsuccessful. More successful was the equipment he 
designed for a diamond-cutting plant. 


One characteristic feature of Bessemer is conspicuous. He was not a specialist in a single field of science; 
but nevertheless he reached out boldly and with tenacity for his objectives, To whatever he turned his attention 


“= stampcollecting or type-casting machines — his approach to the problem was always original. 


The inventor took out about 100 patents for inventions in various fields of science and technology; 15 of 
them were related to steel manufacture, 


The invention of the converter steelmaking process gave impetus to further development of industry. The 
importance of this method is not lost in our time, Improvements of the Bessemer process, which is the most eco- 
nomical steelmaking process, will result in additional millions of tons of steel for the benefit of mankind. 
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ASK FOR METALLURGY PRESS BOOKS IN THE KNIGOTORG SHOPS 


N. V. Amchislavskii. Metal Cutter in Rolling Mills. Textbook for the industrial and technical instruction 
of worker, 1957. Price 1r. 90 k.* 


N. V. Amchistavskii and S. I. Pavlovskii. Finishing and Sorting of Metal. For technical personnel and uni- 
versity and technical school students. 1956. Price 4r. 60k. 


P. N.Bidulia. Technology of Casting. Textbook for technical schools of ferrous metallurgy. 1956. Price 
14r, 75k. 


N. F. Viaznikov. Thermal Treatment. Textbook for the industrial and technical instruction of workers. 
1957. Price 4r. 95 k. 


D. Ia. Gurevich, Short Guide for Rolling-Mill Operators. For qualified operators, foremen and workers 
learning the trades of the steel rolling industry. 1955. Price 5 r. 30 k. 


P, T, Emel'ianenko, A. A. Shevchenko and S, I. Borisov. Tube Rolling and Tube Welding. Textbook for 
schools and courses for foremen, 1954, Price 11 r. 60k. 


Illustrated Monthly Table Calendar for the Metallurgist, for 1958. 


In the Calendar important dates in the development of metallurgy in Russia and the USSR are given; the 
problems of technical progress in ferrous and nonferrous metallurgy are explained; biographies of outstanding 
scientists, M. V. Lomonosov, P. P. Anosov, D. K. Chernov, and A. A. Baikov are given. For a wide range of 
readers, Price 4r, 


N. P. Zhetvin, F. S. Rakhovskaia and V. I. Ushakov. Removal of scale from the surface of metal (Practice 
of the "Serp and Molot™ Works). For technical personnel and foremen. 1957. Price 3 r. 30k. 


I. F, Zinin, Staggering and Decentralizion of Repairs of Metallurgical Equipment. (Practice of the "Serp 
and Molot" Works). Practical textbook for qualified workers and mechanics. 1954. Price 2r. 5k. 


A. F. Kablukovskii. Potentialities of the Electric Steelmaking Plant. For foremen and workers of metallur- 
gical and machine building works, 1956, Price 11,5 k, 


V. D. Kichko and I. G. Polovchenko. The Tapping Hole of the Blast Furnace and its Maintenance. Text- 
book for the industrial and technical instruction of workers. 1955. Price 11. 90k. 


§.G. Koop. Thermal Treatment of High-Speed Steel. For technical personnel. 1956. Price 5 r. 20k. 


A, A, Malykh, A, M, Spirina and N, I, Smol'nikoy. Labor Protection in Open-Hearth Furnace Plants, For 
technical personnel and university and technical school studients. 1957. Price 7 r. 50k. 


B. S. Natapov. Metallography. Textbook for technical schools of metallurgy. 1956. Price 8 r. 35 k. 


N. P, Nikolaichik, Increase in the Durability of Cast Iron Molds. For rolling-mill foremen, team leaders 
and engineers. 1956. Price 6 r. 35 k. 


M. I. Panfilov. Steelmaking in Open-Hearth Furnaces. Textbook for schools and courses for foremen. 1957 


Price 9 r, 95 k, 


K. M. Pakhaluey and K. V. Urushev. The Heating Furnace Operator, Textbook for FZO schools. 1954, 
Price 3 r. 95 k. 


* r= rubles, k = kopeks. 


I. G. Pashko, The Growth of Technical Advances and the Increase in Operating Efficiency of the Ferrous 


Industry of the USSR. For technical personnel, university and technical school students and for a wide range of 
readers. 1957. Price 7r. 30k. 


Collection of articles. Application of Oxygen in Metallurgy. For scientific and technical personnel and 
university students. 1957. Price 22 r. 20k. 


Kh. Khoff and T. Dal’. Rolling and Roll Design. For technical personnel, foremen, qualified workers, and 
university students. 1957. Price 11 r. 25 k. 


Ia. B. Furman. Operator's Assistant in the Section Rolling Mill. Textbook for FZO schools. 1956. Price 
25k. 


If the books are not available in Knigotorg shops order may by sent tos 


Moscow, G-34, 2nd Obydenskii per., d. 14 
Sales Department of the Metallurgy Press. 


Books are sent C.O.D. 
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 


FIAN 

GDI 

GITI 

GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Izd. AN SSSR 
Izd. MGU 
LEWZhT 
LET 

LETI 
LETIIZhT 
Mashgiz 
MEP 

MES 
MESEP 
MGU 
MkhTI 
MOPI 
MSP 

NII ZVUKSZAPIOI 
NIKFI 
ONTI 

OTI 

OTN 
Stroiizdat 
TOE 
TsKTI 
TsNIEL 
TSNIEL-MES 
TsVTI 

UF 
VIESKh 
VNIIM 
VNIIZhDT 
VTI 

VZEI 


ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 

Water Power Inst. 

State Sci.-Tech. Press 

State Tech. and Theor. Lit. Press 

State United Sci.-Tech. Press 

State Power Press 

State Chem. Press 

All- Union State Standard 

State Tech. and Theor, Lit. Press 
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